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PREFACE

Technology has brought us to the point where electronics are
becoming pervasive on all new aircraft. Because these electronics are
both expensive and critical to mission success, it is necessary to look

at the integrity of these electronics if aircraft are to be ready to fly

and fight. Hence, the theme of the 1964 National Aerospace and
Electronics Convention (NAECON) was "Operational Readiness Through

Electronic Integrity". Integrity is an evolution from such presently

R o MBSO

used measures as reliability and maintainability to the newer concepts

of durability (lifetime), supportability, availability, quality and

producibility. In the Air Force, all of these are inmportant to the
operational readiness of our aircraft and to the reduction of the cost
of operating and maintaining our aircraft.

Also, the use of avionics is expanding into flight ceritical systens
onboard our aircraft. Therefore, it is necessary to improve avionics
integrity for flight safety as well as mission accomplishment.

In support of the NAECON theme, ASD engineering supported a number

of events at IIAECON. A tutorial about the Avionics Integrity Progran
was presented on lMonday, May 21. HNotes from the tutorial were published
as a separate document with NAECON sponsorship and are duplicated at the
end of tnis report. R
A second event concerning avionics integrity was the Tuesday

luncheon speech presented by Lt Gen Thomas H. ileMullen. EN Product

Assurance personnei assisted in the preparation of this speech. A :}ﬁ(ﬂ
:f transcript of the speech is included in this report.

ib Third, the five technical sescions listed below were orzanized
3

around the thene of integrity.
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A. Manufacturing Quality and Maintainability

B. Reliability

C. Life Cycle Cost

D. Avionics Environment

E. Electromagnetic Compatibility
The papers for these technical sessions are published in the NAECON 1984
proceedings. It should be noted here that the Best Paper Award went to
one of the papers of the Reliability technical session. Mr. Edward
Banas and Mr. Charles Chappell of Sperry Corporation co-authored this
best paper entitled "Integrating Chip Carrier Packaging Technology into
Systems."

Finally, the ASD Integrity Thrusts management session was organized
and presented by the EN Product Assurance Office. This session explored
the following three topics of the management of reliable/supportable
avionic systems.

a. Fatigue failure modes of avionics

b. Electronic piece part quality ané environmental stress
screening

¢. The Avionics Integrity Progranm
The notes and viewgraphs from this management sessions are contained in

this report.
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Lt Gen McMullen's Tuesday Luncheon Speech

i As an overview to the ASD Integrity Thrusts management session
. notes, the following transcript of a speech presented by Lt Gen Thomas
52 H. McMullen on 22 May 1984 has been included in this report. This

I speech was presented by Gen McMullen at Tuesday's Luncheon at NAECON

1984.
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Remarks to: NAECON 84' Dayton, Ohio, 22 May 1984
Speaker: Lt Gen T. H. McMullen
’ It's a real pleasure for me to be invited back to this luncheon and to be
given the opportunity to discuss developments in electronics. The theme of
fg this years NAECON, Operational Readiness Through Electronic Integrity, is not
. only timely but it is emerging as perhaps the key developmental concern as our
Air Force moves toward the Year 2000. Right off the top I want to straighten
out a misconception. It has been said by some that ASD has always tried to
E; adhere to the sumo wrestler school of management with regard to electronic
programs. They say our motto is "Throw your weight around but keep your rear

end covered."”™ While I can't pin it down exactly, I have reason to believe

this characterization of ASD was started by an IEEE member. Well, in any case
it's wrong. It's not ASD you're thinking of--it's AFLC.

During 1lunch I was reflecting a bit on the Chaplin's words -~ thinking

fooi

about you folks and the vital nature of your work. Those thoughts conjured up

1 ]
ad

-

the story of a retired, former IEEE member who was reclining under a tree. A

v
Achad i

passerby (I believe he was a particularly observant engineer) shouted, "Your

i' house is on fire." "I know it," the old timer said. The engineer said, "Why

v ' .o '-"
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don't you do something about it?" The ex-IEEE member said, "Doing something
= now -- I've been prayin for rain since the fire started.™ Now, I have no
doubt prayer helps, but you folks know better than anyone else that direct,
innovative and sustained action goes a long way to help those prayers get
answered.

I believe all of us in the business of electronics count as Ogden Nash's

loudest critics when he said, "Progress might have been alright once, but it's #,ij
gone on too long." While there are new and exciting things happening
throughout the spectrum of "high tech"™ development, no single area is moving

forward at the tremendous rate that we see in electronics. Charles Kettering }3}"




once said, "The Wright brothers flew right through the smokescreen of
impossibility." Today, my organization, like the ones you represent, is
finding the way through that same smokescreen. I guess that's why I feel so
comfortable with this group. We share a common bond. For taking the first
tentative steps through any new frontier has always required courage,
foresight, and ingenuity -- characteristics represented in spades by the
people in this room. Other institutions are also going through tremendous
changes. In this respect we share a common bond of experience with several
commercial institutions such as Dayton’'s NCR Corporation. As many of you are
no doubt aware, the likes of the cash register, business machine, and key
pieces of office equipment have completed a tramnsition from mechanical to
electronic systems within the past decade. It seems only fitting that we are
meeting here in Dayton as NCR is celebrating its 100th anniversary.

While there are a lot of things I'd like to talk about, I have tried to

keep my remarks to a reasonable lepgth as I'm sure you're all anxious to get

on with the day's business.

(- Our preoccupation with time reminds me of a story that came out of Poland
.-

‘I' during the 1982 riots -~ and perhaps typifies some of the logic in a police
ff— state under martial law. Of course, you recall that the government set a

strict curfew holding that all citizens would be off the streets and in their

homes by 6 p.m. or risk being shot. It seems it was 10 minutes to 6:00 when a

,,
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policeman went up to a fellow waiting at a bus stop -~ looked him over --
pulled out his revolver and shot him. Killed him with one shot. Immediately

a crowd of people circled the policeman asking why he had killed the man. The -

j:l policeman said, "Hey, I know where this guy lives -- there is no way he could

get home by 6 p.m." If I do make you run a bit over, I hope the penalties

‘i_ aren't as severe at an IEEE luncheon.

Ulysses S. Grant told us, "The art of war is simple enough. Find out

.-:,_\."‘-'.....>-...‘-..-_. LTS SR RS L.
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where your enemy is. Get at him as soon as you can. Strike him as hard as
you can and as often as you can, and keep moving on.™ I like his style -- and
ﬁ I must admit that not much has changed in war fighting philosophy. What has
: changed are the tools at our disposal to do the fighting.
And clearly, none of them have changed over the last 70 years as much as
i fighter aircraft and the avionics systems that make them so effective. It
began with men hurling insults and bricks at one another from open cockpits,
and moved to ever faster turning, close-in dog fights. But today, if we do
z our work right, two fighter pilots may take each other on without ever
visually seeing one another before they fire their weapons.
The use of electronics on~board aircraft -- avionics -~ is nearly as old
as powered flight and certainly its changes have played a key role 1in the
development of flight. One of the first radio telegraph messages was sent

from a signal corps aircraft to the ground in November 1912, The aircraft,

one of the twelve in our signal corps, was piloted by a young Lieutenant named
"Hap" Arnold. Just a few years later, in August of 1917, the first two-way
radio telephone contact from the air was made by the Army. As in most things -f;G

.
aeronautical, ~ur "bicycle shop®™ at Wright Field has been instrumental in ‘I

achieving a number of avionics firsts through the years. The first solo
flight on instruments was made bere in 1932 and the first completely automatic ]
r landing in history was completed here in 1937.

War brought a need for rapid, innovative solutions to numerous

avionics related problems and necessarily spurred many avionics developments.

‘A ailalalal

The British demonstrated an experimental aircraft interception radar in June

M ARSI
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of 1939 -- and by the end of September of that same year, 30 systems had been
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installed in British aircraft. Avionics had grown to a point where systems

helped provide the margin of victory during the Battle of Britain. Even then, -

however, the safety and survivability of the aircraft in the ear y vears of




aviation did not depend upon the integrity of the avionics as they do today.
In those early years, the avionics constituted only a small fraction of
the gross empty weight of the aireraft. The avionics package on the P-38 and
P~51 weighed less than two percent of the total aircraft's empty weight. The
avionics on the F-86 I flew in Korea was still less than two percent of the $i
total. But as our expectations for our aircraft grew so did weight. The F-
106A avionics topped ten percent with its reliance on vacuum tubes in the late
1950s. In the 1960s and 1970s, we were able to reverse the weight growth of
avionics. The introduction of solid state electronics in the F-1114, F-16A,
and the F-18 enabled us to approach 6 percent of the aircrafts empty weight
with dramatic increases in performance and reliability. For a typical
subsystem, performance capability has increased concurrently with a major
decrease in weight. For example, an early UHF command radjc, the ARC-34 built
in 1954 weighed 50 lbs versus 9 lbs for the ARC-164 introduced in 1975. This
weight reduction was achieved even though the number of operating channels was
doubled and the flying hours between needed repairs increased ten-fold.
Today's avionics frontiers are characterized by both technology and
complexity. As technological advances enable us to reduce the size and weight
of an avionics subsystem we continue to add more functions to our list of
requirements for our systems thus adding to the overall complexity of the
challenge. This relationship between technology and complexity can be
illustrated in a quick review of airborne radars. The MG-13 radar on the F-
101B used about 7000 parts, 421 of which were vacuum tubes. This radar
averaged about 4.0 flying hours between failures. The APQ-12C radar on the F-
LE used nearly 14,000 parts and only 24 of these were vacuum tubes. This
radar, an example of discrete transistor technology, averaged 7.0 flying hours
between failures. Today our F-15C and D APG-63 radar represents the b

microcircuit technology of the seventies. It is made up of about 19,000
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parts, averages 23 flight hours between failures and was a pioneering
application of multilayer printed wiring boards. It represents a giant step
H. in performance as well as reliability. 1It's true, we've had to make some hard

. tradeoffs and will doubtless face the same choices in the future, but the
payoff in reliability and effectiveness makes it all worthwhile. In the case
of the APQ-120 it's meant a five-fold increase in life despite a three-fold
increase in complexity.

Some express concern that the complexity of tecbnology will overwhelm our
ability to use it. To me, it's Just the opposite. If we do it right, I
believe it is becoming apparent that an important characteristic of technology
will have to be its simplicity -- simple to fly; simple to fight; simple to
maintain. That is just the combination we are seeking. By way of example,
nowhere will this characteristic of simplicity be more important than in the
fighter cockpit of the future, As the sophistication of our fighters has
grown, we have created some marvelous systems to "help" the pilot. But
there's a lot more to do, because he's doing about as much as he can right
now.

You know, WWI aireraft had 10 to 15 controls and instruments. During

WWII, the P=-51 cockpit had about 35. Today, the F-15 has over 300 dials,
bells, buzzers, lights, and switches in the cockpit. Pilots are at the
saturation point. 1In our rush to help, we have built in lots of “+~’s>rmation -
to manage during the "breath holding" few seconds of combat, but we need to do
a lot more to help tomorrow's pilot determine his targets (the good news) and

his threats (the bad) without pushing a lot of distractions at him. As many - A

of you know we are trying to do something about this problem right now.
Through a number of laboratory programs at ASD, we are blending an array of
technologies, trying to integrated them into a total system. Integration of .

all on-board systems is a must if we're to improve the pilot's ability to _
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manage his systems in concert.
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;i: Innovation in avionics will be critical if we are to coantinue moving

.

forward -~ staying ahead of that otinous "power curve® our adversaries would

like desperately to put us behind. Innovation in avionics has already

*

dramatically changed the effect of air power in warfare and nothing in my

Wil oA kel

+

L

crystal ball tells me anything is going to change for the future. Improved

navigation capability allows us to fly to the engagement site with minimum

error. Our radar warning receivers and electronic countermeasures systems
have allowed us to penetrate to target areas protected by increasingly
sophisticated electronic defenses. Improvements in radar have extended our

vision to let us acquire and track targets at even greater standoff ranges.

- And our weapon delivery systems allow us to effectively put ordance on the .
target at night and under the weather. E:i

Today we are in the midst of a major revolution in our aircraft -- a ;:E

transition from the mechanical to an electromechanical system. We will have f;f

;5; completed that transition when we field our next fighter, the Advanced :é
Tactical Fighter or ATF, in the mid-1990s.
) et

The ATF & clewrly gecd pews for our Air Force. The bad news is that ATF
is already about four years farther behind the F-15 than the F=15 was behind
the F-U4 in developmert. We have a lot of catching up to do.

The ATF will have capabilities that will pulse the full range of avionics
systems. We look for this airplane to not only achieve supersonic speed, but
to be able to stay there long enough to cover some ground. It'll have a range
50 to 100 percent greater than the F-15 Eagle's; ability for short take-off
and landing, to get in and out of damaged airfields; obviously, the ability to ili
engage multiple enemy fighters at once, beyond visual range; and it will have -

to survive while doing all that in an environment filled with people, in the

j; air and on the ground, who want to kill him. And we went it to be operated by




a single pilot. If it all sounds like it will be enormously difficult, I'm
{ making my point.

i As concerns the Air Force of today and tomorrow, this electronics

5 revolution I've been discussing will take final form as improved technology f-sf
which created new options for improved capabilities to guarantee our 5{55
b persistence of the battlefield. That is the ability to fight around the -“L
clock, in all weather. It will be a key test for the organizations you folks
; represent -- both on the corporate side and military side. Our ability to

i: fight will involve more than "how high, how fast, and how far.® It must also
{l address "how often."™ How often are America's fighting machines ready to fight

3 rather than out for maintenance or lack of parts. It is one question where a

poor answer could well be our loss. Let me illustrate. Let's consider a

N typical fighter aircraft. Current avionics equipment consists of Line

: Replaceable Units, or LRUs. A typical LRU has about 100 hours Mean Time
Between Failures. This typical LRU has a 98 percent chance of lasting through
a 2-2 1/2 bour mission.

But say there zre 25 LRUs per aircraft. That means 46 percent of the

aircraft land with a system failure. Each failed box could (and often does)

result in several box removals for bench testing. The LRUs are tested in the

avionics intermediate shop to determine which unit to change. The technician

finds the problem, removes and replaces the suspect unit, sends it back to the

S depot for repair, retests the LRU, and puts it back on the shelf as a spare. fiii

While there is no doubt the avionics intermediate shop has permitted us

to operate with modest reliability to this point, it represents a significant
burden that we literally have to carry around on our back. It i3 big -- it
takes over four C-141B's to deploy a wing's worth of the F-16 intermediate

shop == our smallest system. It is gomplex. It is expensive. It is

i manpover intensive. And -- it is yulperable. I'll tell you right now, if the




avionics intermediate shop is knocked out, we can plan on losing capability
faster to avionics faillures than to combat losses. Eighty-four percent of the
aircraft I used in my earlier examples will land with a failed box by the end
of a day under the demands of wartime use. I must therefore conclude that a
100 hour Mean Time Between Failure of an LRU is just not good enough.

The consequences of poor reliability are three-fold. First: it burdens
the field commander with the vulnerability and difficulty of carrying the
avionics shop around with him. Sacond: it takes a huge t¢hunk of the budget
to keep us in spare parts. In fact, the budget for replenishment, spares, and
modifications to patch old electronics exceeds that of developing new
electronics. IThird: Demands for manpower to purchase, stock, transport,
install, and in some cases repair spare parts are substantial. And for each
mechanic with hands on our weapon systems, there are many others required for
support and training.

We are making a hard charge at lessening the dependence we have on the
avionics intermediate shop by incrementally improving reliability and using
built-in test capability inside of the avionics equipment. As the diagnostic
cabability of this built-in test equipment approaches that of the in house
avionies shop, we can begin to position our systems without all the extra
baggage. We are making progress -~ right now for example, 50 percent of F-16
repairable avionics items do not require the use of the avionics shop.

Improvements in avionics have been steady to this point. However, we are
at the beginning of a new chapter in development of our Air Force. A chapter
whose outline tells us improvements may slow drastically, perhaps not occur at
all if it requires cost in dollars, time, or combat effectiveness.

To help ensure that we do continue to see improvements, ASD is

restructuring its avionics development and reliability program. We call it

the Avionics Integrity Program. It incorporates the technical and
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programmatic elements of the highly successful Air Force Structurel and Engine
Integrity Programs combined with the traditional electronics parts data base.
This reorientation of our avionics development approach reflects the
recognition that electronic systems function until a mechanical or chemical

failure causes an electrical failure. The Avionics Integrity Program will be

discussed on Wednesday afternoon by Dr. Halpin, my director of product
assurance, and Mr. Ludwig, ASD's technical director for Avionics Engineering.
Technology growth through the VHSIC or Very High Speed Integrated Circuit, is
a major element of our Avionics Integrity Program. VHSIC offers the potential
for significant performance improvements through increased computational
speed. Increased computational speed i1s achieved through reducing inter-
component distances -- this means significantly reduced feature sizes on the
chips themselves. I'm convinced that VHSIC is critical to successful
implementation of all our future flying systems. There is a potential to
markedly improve hardware reliability if some of the resulting reduced volume
is reinvested to reduce the operating stresses on the electronic equipment, as
always, an opportunity for tough trades and difficult decisions. We believe f;i

-l

that solid engineering, jir toth design and manufacturing, combined with T
continued technology growth, can produce systems of significantly improved -
reliability -- without significant penalties in cost, schedule, or combat

performance. Our discussions with industry about VHSIC support the contention
that significant improvements are available at modest cost. We recognize

several things are necessary to make it happen. First: insistence on },f
reliability by our program offices combined with the Avionics Integrity ‘
Program. Second: competition based on relisbility. Third: some 1?;

reorientation of contract policy to encourage expenditures to upgrade l:',::j_

equipment and procedures. These initiatives involve the industrial

-——

modernization, GET, PRICE, and Value Engineering programs. And fourth:

11

S . .,.-.q T T et e, et et . et
.'_._ ‘(‘l“ﬂ"t_\_l"f'c' .\_.‘_.\ ) .{-\-\-\-\-'.-\c"é\.-\-:':'.-“"-'-‘.r_‘- IR AA S S




Xy . an an Ak

retraining of many design and manufacturing engineers.

There is an opportunity for leadership here. That opportunity exists on
both sides of the table. The payoff will be long in coming, hence it is
difficult to sustain attention to action over the long haul. But both are
necessary to successfully complete the electronics transition as we move
toward the future.

Well, I can see the time is growing short so rather than risk finding out
the penalty IEEE bestows on a speaker who carries on too long, I'd better end
my remarks here.

Thank you again for this opportunity to talk to you and I'll keep my
fingers crossed for the opportunity for a return engagement next year,

Thank you and have a great week.




Dr. John Halpin, ASD's Assistant for Product Assurance, moderated the ASD

Integrity Thrusts management session. An outline of this session is shown

below. Dr. Halpin's introductory remarks were similar to the opening remarks
o of his presentation at the AFSC Horizon South conference the next day. In
_i order to be more complete, Dr. Halpin's entire Horizon South presentation is

included in this report.

ASD INTEGRITY THRUSTS

E 1. INTRODUCTION Dr. John Halpin
ASD/EN(PA)
! Wright-Patterson AFB, OH 45433 R
- 1
: 1
5 2. MECHANICAL FAILUREMODES Mr. Dave S, Steinberg 5
¢ FOR ELECTRONICS Litton Guidance and Control Systems ,{_w
‘*l (videotapes) Woodland Hills, CA R
~ > .4
- . Dr. John K. Hagge NS
o Collins Defense Communications Div. L
Rockwell International S
Cedar Rapids, IA 52498 el
T
THERMAL DESIGN OF ADVANCED AVIONICS Dr. Ajay Sharma -
Dept. 489 Bldg 300-41B R
East Fishkill Faeility, Route 52 7
Hopewell Junction, NY 12533 R
FAILURE MODES Mr. John Devaney ;;;:
911 S. Mountain Ave. .
Monrovia, CA 91016 Ll
USE OF STRESS SCREENING Mr. Ed Koenig .-.rjll;
AT THE DEPOT WRALC/MAIE j,j]
Robins AFB, GA 31098 )
STRESS SCREENING OF Col Dalton Wirtenan T
MIL-STD COMPONENTS Defense Electronics Supply Center
DESC-E :
Dayton, OH -
STRESS SCREENING: THE Mr. C.E (Neil) Mandel, Jr. o
INSTITUTE OF ENVIRONMENTAL Radar Systems Group o
SCIENCES' PERSPECTIVE Hughes Aircraft Company L
P.0. Box 92426 DR
Los Angeles, CA 90009 e
THE AVIONICS INTEGRITY Mr. Gary Ludwig ]
PROGRAM and PANEL DISCUSSION ASD/ENA -n{:
Wright-Patterson AFB, OH 45433 o
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1. Avionics integrity is a phrase which may be foreign to some of you. We
have a 1long tradition, however, in the systems area with what we call our
integrity programs. We have a tradition that starts before World War II when
we were addressing safety and performance in airframes and how we would govern
and manage those in the acquisition process. This grew through the second
world war. In the fifties, we were forced to face the fact that airframes
have finite lives, dictated by something other than combat attrition. This
brought in the concept of life limited by fatigue processes. This concept was
formally incorporated in the design, development, and acquisition process in
the 50's with formal requirements for fatigue testing, 1like a reliability
qualification test.
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ODUCT ASSURANCE

REQUIREMENTS

I TRAI ‘ SUPRORT
' QU _[A[RBORNE EQUIPMENT]. ' EQUIP ENTE
S -

AIRFRAME ENGINES AVIONICS OTHER

AIRCRAFT ENGINE AVIONICS - SOFTWARE

STRUCTURAL  STRUCTURAL INTEGRITY

INTEGRITY INTEGRITY PROGRAM ~ Z”Egé‘v‘s"r'&ﬁé

PROGRAM PROGRAM (AVIP)

(ASIP) (ENSIP) - INTEGRATED
DIAGNOSTICS
(FUTURE)

(1970) (1980) (1985)

2. We had additional problems in the 60's. We Lost several airplanes dus to fractures in the wing
structures and the fuselage. We reformulsted the structursl intagrity program at that time, adding
formal fracture control. That became the basis of the currsnt aircraft structural intagrity
program, It's also the technical basis for the certification processss far all civil aircraft in
this country and in Europe, After that matured, that technology base was transitioned into sngines,
starting in the mid-1970's. As lLate as the 100 development program, we tended to specify angines
in terms of operating hours——no specifications in terms of throttle motions aor thermsl cycles of
the engine. The engine integrity progrsm took the mechanical fracture process, converted it into a
thermal fetigue anslysis for the engine perts, emphasized a fracture control process in the engines
and spplied it beginning in the Late 70's, That is the baselina to which we are scquiring the new
engines in our system, As the technology base matures and as elactronics and avionics have become
critical and essentiasl to eircraft performance, we ars looking at formalizing the avionics
development sctivities in a similar format as we have done on engines and in the airframe. We feel
that @ natursl evolution is taking place in industry smaturing disciplines Llike reliability and
mainteinability into a more deterministic integrity epprosch s used in structures and engines. We
must accept the fact that the avionics is & major subsystem which is critical to the aircraft itself
and nesds to be mansged with the same intensity and commitment that we menage airframe and angines,
It 1is basically a systems enginsering process, We're going to emphssize ettention to some of the
physicsl feilure modes as wel! as to good conssrvative slectricel systsms design. OQur discussion
todasy, then, will emphssize this area. We have segregsted mechsnicel design and electrical design
from software quality snd relisbility ss we believe you must understand the physicsl status of the
system 8nd the electrical status independent of the softwars, and those must be metured separately
snd then put together in & system analysis activity,

18
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EVOLUTION OF TYPICAL AVIONICS SUBSYSTEMS @ V

N I! !r. ."‘
® INCREASING PERFORMANCE, QUANTITY, AND RELIABLLITY
1,000 - AN/ARC-164
MTBF '
(HRS) A _ANIARC-34 UHF
100 - COMMAND RADIO
A AN/ARC-27
10 | 1 | | ] ] L
1950 1960 1970 1980
100 }-
RADAR F-16@
MTBF o o8
(HRS) 10 - ) Cc/D
F-102e o4 AB
F-101e F-4E @ E{s
F-106e  ®F4C
1 1 | | | 1 {
1950 1960 . 1970 1980

YEAR INTRODUCED

#3. We have continued to develop avionics systems with ever increasing
requirements for performance and reliability. Often, we sacrifice some
equipment ruggedness or maintainance features in order to meet the demanding
performance requirements. In communications systems we have been able to
achieve sizable improvements on several fronts. The AN/ARC-34 introduced in
1954 weighed 50 pounds, was designed with vacuum tubes, and was crystal
controlled. The AN/ARC-164, by contrast, was introduced in the mid 1970's and
weighs only 9 pounds. It is totally solid state and is fully frequency
synthesized. The reliability of the AN/ARC-164 represents a factor of 10
improvement over that of the AN/ARC-34. In radar subsystems, the increasing
performance demands keeps the designers working Jjust to keep up and,
consequently, we see only modest increases ian system reliability. To
illustrate the point, the MG-13 introduced on the F-101 contained 7000 parts,
421 of which were vacuum tubes. The APQ-120 radar on the F-4E used 13,000
parts. Only 24 vacuum tubes were used. By the mid 1970's when we developed
the APG-63 radar for the F-15 A/B, the performance demands had quadrupled.
The APG-63 incorporated 19,000 parts in its largely solid state design. We
have still managed some modest system reliability improvements even with the
very demanding performance requirements of today.
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GROWING PAINS

@ HIGH COST/LOW RELIABILITY
® AVIONICS INTERMEDIATE SHOP

RADAR AND FIRE CONTROL
1, Maﬂ FLIGHT CONTROL COMPUTERS
STORES MGT COMPUTERS ;
INU / 4
100,000 d. :

IOJmOr

BN
P I P

‘.
)

:

AVIONICS: LRU‘S

F-15 x
F-16  °

|
8
-

ACQUISITION COST OF REMOVED LRU

10 100 1,000 10,000

MEAN TIME BETWEEN
REMOVALS (HRS)

#4, The next chart shows that while we have had a very positive and growing o
experience, we've been suffering growing pains. In this chart, instead of a o
system, we have an assemblage of black boxes called line replaceable units.
The problem that we have in managing the system is that the units which have
been critical to performance on the battlefield are typically the systems at
the upperleft. These kinds of systems have very low reliability at relatively
high cost. Today, some of these boxes with reliabilities of 100 to 300 hours
cost over a million dollars an LRU. They're driving the requirements for the
AIS (Avionics Intermediate Shop), for our spares, for our manpower. It's
handling these directly that is motivating our management to put firmer
attention into the LRU's represented by the enclosed area. Traditionally, we
have developed LRU's with a set of technical tools which represent good
conservative electrical engineering practices supplemented with piece part
analysis based upon MIL-HDBK=217. One of the problems we have had is the life
predictions. The reliability predictions have been piece part oriented and we o
have had poor correlation between those predictions and field results. As a S
consequence, we have had a lack of confidence in some of our designs and that
lack of confidence has frustrated attempts to make some of the hard decisions
to go for a conservative design. It's building this confidence by putting in
additional tools which is what we are emphasizing as one of the major
technical thrusts in our evolution of the Avionics Integrity Program.
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FAILURE PROCESSES

® AVIONICS/ELECTRONIC SYSTEMS FUNCTION UNTIL A MECHANICAL OR CHEMICAL
FAILURE PROCESS CAUSES AN ELECTRICAL MALFUNCTION

FAILURE
PROCESSES

® MECHANICAL
INTERCONNECTIONS * THERMAL
¢ VIBRATION
® CHEMICAL
CABLES & CONNECTIONS ® DIELECTRIC

7

PARTS

PRINTED WIRING BOARD

MULTIPLE CHIP PACKAGES @ DESIGN CRITERIA

* TEMP
¢ EXPANSION STRAINS

- PART-TO-BOARD

- CONDUCTOR-TO-BOARD
* BOARD DEFLECTION

#5. The next chart represents a somewhat extreme position, but the chart is
intended to make a point. When we have mature, well-developed electrical
designs we still have failures, in the factory and in the field. When we have
properly addressed electrical design, those failures tend to be mechanical and
chemical in origin. It is those failures with which we are having difficulty
in addressing today's design methodology. They occur at a series of levels:
parts, the interconnections between the parts and the boards, failure modes
within the printed wiring boards, in the cables and connectors, and multichip
hybrid packages which are a combination of all these problems together. We
believe that most of these areas can be treated in a formpal way very similar
to the techniques people are using to get qualitative guidelines to design
mechanical and thermal packaging today. We feel that these failure processes
can be grouped in these classifications. Criteria such as the derating
temperatures, expansion strains between the part and board and the conductor
and board, and board deflections govern fatigue processes. When analyzed as
failure processes, we believed that you can design a better product and make
suitable trades for a longer lifetime, and that's the message and the theme of
our integrity program.




TYPICAL THERMAL FATIGUE FAILURE LOCATIONS

COMPONENT SOL DR MOUINT

THICKNESS
EXPANSION

!

\ IN-PLAKE LXPAMNS1O%

COPPER PLATED-THRU-HOLE

#6. An example of a mechanical failure process at work in our systems is
thermal fatigue. Thermal cycling encountered in the ground and airborne
operational environment is at work not only on the components but also at the
interfaces of the components to the printed wiring board. Shown here is a
plane view of a multi-layer printed wiring board showing typical fatigue
failure locations. The strain in solder joints, particularly for surface
mounted devices, cause fatigue failures which appear often as on open
electrical connection. In surface mount applications the solder forms both
the electrical and mechanical joint. There is no lead to carry a share of the
stress. Expansion can often be five times greater than the in-plane expansion
for G=10 glass epoxy printed wiring boards. The strain induced in the copper
plated through hole can lead to a number of fatigue related failures shown in
the following pictures.
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#7. Here is photo of an actual plated-through-hcle in cross section. Stress
concentrations at the interface between the copper plated barrel and the inner
conductors often lead to foil cracks, as shown in the drawing on the right,
when the board expands out-of-plane.
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#8. Here is a photo of an actual foil crack
at the interface with the plated-through-hole.
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TVPICAL THERMAL FATIGUE FAILURE LOCATIONS

COMPONENT SOLDER JoiNT .
THICKNESS ' ~ - -
EXPANSTON \\co mPUNENY t .
. N NN N N S S
\ IN-PLARE EXPANSION
’ 05—\ SOLDERING COPPER PLATED-THRU-HOLE
d LIFE
{ CYCLE
b STRAN 1~ THERMAL
o1 FATIGUE o
‘ " | TEMPERATURE
o | __CYCUNG_ LIFE OF L
- 005+~ ELECTRODEPOSITED :?;f;f~
k COPPER i
: -
1 1t 1 1 1 .
N 1 10 10 10° 10¢ 10% 10° -
E_‘ THERMAL CYCLES TO FAILURE :
#9. Thermal cycles contributing to fatigue failure can be induced during
manufacturing and repair as well as during during operational usage. The

strain levels experienced during the repair cycle can be five to ten times the
levels experienced during in flight usage. As shown on the chart at lower
left, these strain levels can significantly reduce the lifetime of the copper.
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#.10. Bere is a photograph of the cracked electrodeposited copper
in the barrel of the plated-through-hole due to thermal fatigue.
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TYPICAL THERMAL FATIGUE FAILURE LOCATIONS

COMPONENT SOLDER .IO0INT

THICKNESS

WTEERTHEE
EXPANSION NEN
N8P INRERIN

\ [N-PLAKE EXPANS IO
COPPER PLATED-THRU-HOLE

N SOLDER
. ) JOINT
y FATIGUE
Strain ‘522912; v aumn;runuummu “ LIFE
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#11. The strain in the solder joint can be determined when the strain/failure
relationship of the solder is known or is measured. The number of thermal
cycles to failure can be predicted. Shown in the lower right is a plot of
experimental failure data for several common leadless chip carrier packages.
The line is as predicted by the strain equation.




THERMAL FATIGUE FRACTURES -

® CERAMIC CHIP CAPACITOR @ LEADLESS CHIP CARRIER :i'-'-'_’_]
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FAILED AT 100 CYCLES® DUE FAILED AT 100 CYCLES °: 68 PIN
TO CONTAMINATED JOINT CHIP CARRIER/POLYIMIDE BOARD

* TEMP. CYCLING FROM -55TO 125°C

o voasd
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#12. Shown here are two examples of solder joint failure. The ceramic chip
capacitor was gold coated to aid in solder adhesion but the gold contaminated
the solder leading to embrittlement and subsequent cracking. The picture on
the right shows clear cracking of each solder joint after 100 temperature
cycles on this leadless chip carrier.




ELECTRONIC PART FAILURE

® TYPICAL FAILURES ON CHIP SURFACE

CRACK/FRACTURE OF INTERMETALLIC FORMATION UNDER
METALLIZATION PATH GOLD BOND AND SHORTING ACROSS
METALLIZATION PATHS

#13. The failures are not confined to the interfaces between components and
boards. Shown here are scanning electron microscope (SEM) photos taken of
chip 1level failures. A stress concentration exists at the point where two
metallization runs overlap. Here, the stress concentration resulted in a
crack across the metallization and resulted in an open circuit. The
intermetallic growth pictured on the right forms when two metals such as gold
and aluminum are present in a moist, elevated temperature environment.
Conditions are often good for this formation in poorly sealed integrated
circuit packages. The result - an internal electrical short.
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ELECTRONIC PARTS FAILURES

® FRACTURE OF BONDED SURFACES

P %

]

DELAMINATED CERAMIC CAPACITOR I. C. CHIP DEBONDING FROM CASE

#14, More component failures are shown here. In the case on the left
moisture expanding at high temperature caused delamination in the capacitor
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PP U
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stack. On the left, the integrated circuit die has become detached from the i
header. It is being held in place by the bonded wire interconnections. The - 1
adhesive may not have been applied properly. Even though the chip may be REREnN
operating electrically, it will fail for lack of heat transfer from the die or I j'!
from breakage of the interconnection beads in the vibration environment. o . “
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e THERMAL FATIGUE: FLYING GOLD LEADS 2

THERMAL FATIGUE CRACKING INADEQUATE THERMAL STRAIN RELIEF "

#15. Shown at the left is a classic case of thermal fatigue oo
related cracking of an integrated circuit lead within the package. R
Inadequate strain relief shown at the right can cause this problen. .
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PRINTED CIRCUIT BOARD (PCB)

g FAILURES OCCUR IN COMPONENT LEAD WIRES AND SOLDER JOINTS
E * | DUE TO BOARD BENDING

® MECHANICAL FATIGUE FAILURES

o RELATIVE
01SPLACEMENT
pCB couronr:!rt ~ {

t
PCB BENDING

{

® FATIGUE LIFE GOVERNED BY BOARD DEFLECT AND DEFECTS

#16. We have spent a large portion of our allotted time talking about thermal

. related fatigue mechanisms. There are mechanical fatigue failures caused by
) vibration mechanisms. Shown in this viewgraph is an edge view of a printed S 4

wiring board constrained at the edges but allowed to deflect in the center.

Limiting the allowable board deflection can increase the lifetime of the

printed wiring boards. Dave Steinberg from Litton Guidance and Control Evj
. Division in Woodland Hills, California has published a good text on designing ]
A avionics packages to survive operational vibration which causes fatigue <
) fracture of component leads attached to the board. -
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ATYPICAL CABLING FAILURE &

e

® STRESS CORROSION CRACKING

»

STRAIN®
(%)

CRACKED KAPTON INSULATION TIME-TO-FAIL (WEEKS)

* TIGHT BENDING RADIUS

#17. Aircraft wiring can also experience fatigue related failure. Shown at
the left are cracks in Kapton wire insulation which was stressed at a bend 1in
the wire bundle. The strain/failure relationship at the right clearly shows
that the lifetime is extended if the stress is reduced through control of wire
bending radius and routing.
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AVIONICS INTEGRITY: SYSTEMS ENG.

VOLUME
OCCUPIED T
POWER DISSI- USAGE
PATEN/ELEMEN
CUOL ING
TCCUN 1Ot
HUPBER OF 1 INTERRI TTENTS
P DIGITAL CIR- POMER e
CUITS ELEMCNTS SUPPL TEMPERATURE

VIBRATION

| |

NUMBER OF AN-
ALOG CIRCINT on cuip mrmcnnu:Tu]:>[CNAnAc75ntsruc TewP |

ELFHENTS Tk INTERCONNECTS _|=—> [TRERMAL STRAIN ]
T I I

CHIP/PWB INTERCONNECTS [ STRAIN/DEFLECTION |

) TT  S—
CABLING & CoRnECTORS J—— 5[ STRAININSULATION ]

1T 1 1
HYBRID =oAL asove ]

COMPLEXITY

#13. The achievement of avionics integrity is truly a systems engineering
design problem. The task to be performed drives the selection of a technology

b which, in turn, dictates the power dissipated by each element. This b
influences the size of the power supply, tre cooling technique to be employed, )
and the volume needed for the system. Usage dictates the environment in which ]
the system must live and sets the stage for fatigue failure of the materials.
The system designer must optimize this synergistic puzzle to achieve )
performance and 1lifetime at an acceptable life cycle cost. As we have L

» discussed, integrity is influenced by on=chip interconnections, 4
interconnections to the printed wiring board, cabling and connectors, and
selection of hybrids to name a few. Inattention to the design detail at these
interfaces can lead to intermittents or fatigue failures all of which reduce
the system lifetime.
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DESIGN TO USAGE \:1 ]

® PREDICTABLE LIFE CHARACTERISTICS
REQUIRES
UNDERSTANDING DESIGN USAGE

* IN-FLIGHT
* ENVIRONMENTAL CONTROL SYSTEM (ECS) MALFUNCTION

o
PR S
4 0 Al a4 s o

« GROUND MAINTENANCE
WITHOUT
o ECS —< ]
: WITH ]
 SHOP REPLACEABLE UNIT REPAIR (RESOLDER) ]

® DATA BASE REQUIRED: THERMAL, VIBRATION, POWER »
QUALITY, ON-TIME ‘“ENVIRONMENT-TIME SENSOR”’ =

#19, The physical fatigue processes in avionics systems are predictable and e
controllable. In order to predict the system life characteristics, we must '
have a detailed understanding of the design usage. This understanding must
not only include the in-flight environment, but also the ground maintainance
environment. This includes the effect of operating without the prescribed RN
cooling supply. We must understand the effect of repair operations on D
lifetime. We have seen, for example, the effect of soldering temperatures on .

the lifetime of electrodeposited copper. We must build a knowledge base for

each application to track environmental changes as we change missions. We

then can predict the effect of such changes on lifetime, ~4'1
.
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® FATIGUE FRACTURE BASED DESIGN

|
ORIGINAL
DtSTRIBUTION
FAILURE
gumaen = AFTER PROCESS CONTROL
F =
ILATENT | = gss DEFECT
DEFECTS = ESS
e L) s
e of
=== A
e e 4—a TIME
A B FAILURE -

FLAW SIZE FREE LIFE
CHARACTERIZE MANUFACTURING QUALITY e DEVELOP FATIGUE LIFE MODEL
DESIGN FOR THERMAL AND MECHANICAL STRESS @ ESTABLISH FAILURE FREE LIFE
CONTROL MFG, PROCESSES; B

ELIMINATE DEFECTS ABOVE A GIVEN SIZE

(ENVIROMENTAL STRESS SCREEN) DESIGN MANF. NOI

USAGE QUALITY OR
ESS
(MAX DEFECT SIZE

® CONTROL REPAIR QUALITY

$#20. If we use conservative design practices, the resultant hardware is more
tolerant of the stress experienced in the usage environment. Field failures
are reduced with a more tolerant design. In any population of components or
system subassemblies there 1is a distribution of defects that can lead to
fatigue fracture as we have discussed. Process control can reduce the number
and the average size of the defects. We can eliminate defects above a given
size and thus assure a minimum failure free lifetime. Eliminating defects
above a given size is accomplished through environmental stress screening or
non-destructive inspecticn. With a thorough understanding of design usage,
control of manufacturing quality, and elimination of defects above a given
size, we can expect a minimum failure free lifetime for the hardware. If we
apply the same discipline to our repair process, we can maintain an expected
lifetime even after repair.
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INTEGRITY PROGRAM: ACQUISITION APPROACH

#21.

« SYSTEMS « SYSTEMS e REQUIRE ANALYSIS
: ROMTS PERF FOR DESIGN AND
L TRADES VERIFICATION; CDR
r * DesicN CONTRACTUAL
o || T L\ s
. TEST: DSAR
E- MAINTENANCE wiSTc ASTE
“ opo, - TASKS o CONTROL MFG
-TASKS QUALITY
o AVIP - DESIGN
- DESIGN CRITERIA o TRACK SERVICE
- TASKS CRITERIA USAGE
- CRITERIA * ETC. e CONTROL REPAIR
AIR FORCE CONTRACTOR QUALITY
R.F.P. RESPONSE

In implementing our Avionics Integrity Program we have been sensitive to

the concerns expressed by industry regarding excessive specifications, tiering

of documents, and dictating "how to"™ design information. Our approach, which
utilizes the master plan, is Intended as a response to the criticisms. The RS,
requirement for AVIP will be included in the Request for Proposal along with RO
the system requirements and design usage. The contractor is expected to ]
respond with a preliminary master plan which includes his tasks and the design i ]
criteria to be used with his approach. After the contractor has been

selected, the details of the contractual master plan will be worked out to

allow a single governing plan to be put on contract. The integrity program

emphasizes the importance of analysis for design and verification. The plan A
will identify the quality control techniques arnd the methods of verifying the ]
design by test and analysis. The program includes the tracking of in-service o
usage of avionics and also addresses the need to control repair quality in Cels
order to maintain the expected lifetime. We will be epphasizing design :
verification by analysis at CDR. In addition, we will use the results of the
design qualification tests as part of the data base for the production
decision.

POVSTONY
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SUMMARY @K Q

® ELECTRONIC SYSTEMS: SMALL SCALE STRUCTURES

¢ PREDICTABLE FAILURE CHARACTERISTICS
* CORROSION CONTROL

e POWER

© CONSERVATIVE DESIGNS ARE TOLERANT IN MANUFACTURING
AND IN THE FIELD

f ® TECHNOLOGY DRIVING FAILURE LOCATIONS: PARTS TO
S INTERCONNECTIONS AND BOARDS

® AVIONICS INTEGRITY PROGRAM YIELDS FAILURE FREE MINIMUM
FATIGUE LIFE

® PRELIMINARY SPECIFICATION - JULY1984

#22 In summary,

Electrical systems can be considered as small structures subject to the
same physical failure processes as large structures.

Conservatively designed systems are tolerant of the stresses induced by
manufacturing processes and field usage.

As parts become more reliable under market pressures, we must look to
the interconnections of parts and printed wiring boards to achieve the
longest lifetime.

The Avionics Integrity Program will provide us with a means of attaining
a minumum failure free lifetime.
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.......................................

.........................

.-

.
-

---------
...........
™




T Y WY T e W Y AREAnt S Sut iy A ST At Se e B S AP B ol

CONCLUSION »
- IMPROVE AVIONICS INTEGRITY - ;
" o APPROACH: DETERMINISTIC PHILOSOPHY
o DURABILITY
- e CONTROL: SERIES OF ACTIVITIES
' © STRESS ANALYSIS )
F ® DESIGN TO STRESS »
o METHOD: MASTER PLAN
e DESIGN CRITERIA
. e TOOLS
s DESIGN REVIEWS |
¥ - ’
: (— IMPLEMENTATION STRATEGY \ ' _
é AVIP ' BUSINESS N
3 DESIGN CRITERIA CONTRACTS, INCEWTIVES F
¢ TECHNICAL TOOLS & WARRANTIES
. i
#23. The Avionics 1Integrity Program offers a proven approach

to achieve acceptable and cost effective avioniecs lifetimes. It )
serves as the technical basis for design reviews. The Avionics ‘
Integrity Program compliments business strategies concentrating

on incentives and warrant:ies.




Dr. Halpin ended his introductory remarks by introducing an edited
videotape of Mr. Dave Steinberg and !Mr. John Hagge. Mr. Steinberg's remarks
are from a presentation on "Packaging Electronic Equipment for Severe

Environments." For additional information, refer to Mr. Steinberg's paper,

"Design Guides for Improved Reliability, Proceedings IES, Los Angeles, April
1983." Mr. Hagge's remarks are taken from his presentation on "Reducing Field
Fatique Failures in Circuit Board Assemblies."™ For additional information,

refer to Mr. Hagge's paper, "Predicting Fatique Life of Leadless Chip Carriers

Using Manson-Coffin Equations," Proceedings IEPS, San Diege, November 1682. The

viewgraphs from the videotapes are included here.
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PACKAGING ELECTRONIC - EQUIPHENT
FOR
SEVERE ENVIRONMENTS

by

Dave S, Steinberg

ENVIRONMENTAL INDUCED FAILURES

", HumiDITY

AFFOL-TR-71-35
GRUMMAN

VIBRATION .

20% - TEMPERATURE
‘ 55%

COST TO AIR FORCE - $703 MILLION | YEAR
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AVOID FLUSH MOUNTED ELECTRONIC COMPONENTS i
THERMAL EXPANSION GENERATES STRESSES IN SOLDER JOINTS

EXPANDING coupousf:;:;y 2
r—- — . ~' -l
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LEAD WIRES—"L

FLUSH MOUNT

EXPANDING PCB ——
' _EXPLODED VIEW

PROBABLI FAILURE LOCATIONS —

COMPONENT SOLDER JOINT N

L "/f' YJ - ]
- §>>“:} Lo
\— PLATED-THRU-HOLE

.
PR
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P
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THERMAL EXPANSION
MISMATCH CAUSES
STRAIN-INDUCED FAILURES

;
i 1 .
60 |
i COEFFICIENT
: OF ‘
EXPANSION 4O
N 1078/0¢ L
: 20 1

LE LCC PwB CU SOLDER PwB
SUBSTRATES X-yY Z

CASE A, PLATED-THRU-HOLE FAILURES

e T o
= S
f====: NN
— S o
§ A L

COPPER \\\\-—DIELLCIRIC il

-

NOTE: THERMAL CYCLING 1S STRAIN-CONTROLLED

PROCESS (NOT STRESS-CONTROLLED) R
|
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; : STRAIN-CONTROLLED
‘ FATIGUE EQUATIONS

S e e
IRCRERE AN

_ 1
r STRAIN
- RANGE
.' -01
h COPPER
2 .001
k‘ : 10 102 103 104 10° 10°
i,i‘ NUMBER OF CYCLES TO FAILURE
-
3 DESIGN PARAMETERS: AVOID OVERSTRAINING SMALL PTH ;I';:;ZF
o i
fo- -y
’ .
4 .
RELAI IVE 3:A;
FAILURE
RATE ]
.020 .040
DIAMETER OF PLATED-THRU-HOLES
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MATERIALS: USE LOW EXPANSION SUBSTRATES
OR HIGH DUCTILITY COPPER FOILS

\ HIGH DUCTILITY FOIL

15 .‘ \ELONGATION
~N
~
~
r 3 - \ \
2-AXIS sTRAlN 10 ; ~

CXFANSION OR \ STANDARD FOIL ,
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2 poLYIMIDE , PERCENT 5. ~ o l

T PTH FLEXURE ~ _

1 STRAIN ~ —
. COPPER
100 200 300 100 200 300
TEMPERATURE OC . TEMPERATURE Oc ;
OPTIMIZE PROCESSING: CAREFUL CONTROL !—--4
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———\—  SOLDERING Sl
.05 1
. - e
- \\ P
150 | STRAIN ° \ -
) |
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CYCLING SR
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10 20 B L
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FATIGUE LIFE OF
. SURFACE MOUNTED COMPONENTS
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' . EFFECT OF LCC SIZE VS NUMBER OF TEMPERATURE CYCLES
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. SUCCESSFUL PRODUCTION OF LEADLESS COMPONENT
FATIGUE LIFE WITH MANSON-COFFIN EQUATIONS
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;
- . SUMMARY
1. TEMPERATURE DEFQRMATION OF PTH IS ELASTIC UP TO 800C. PLASTIC
. ABOVE 800C :
. 2. PTH COPPER SHOULD EE ABOVE 6% ELONGATION, SOKPSI

3. PTH LIFE IS INCREASID WITH LARGER PTH AND POLYIMIDE PWB'S
G 4, SOLDER JOINT DEFCPATION IS PREDOMINANTLY PLASTIC, THEREFORE
L HIGH SOLDER DUCTILITY IS IMPORTANT
. - AVOID SOLDER CONTAMINANTS

= AVOID HOT STORAGE OR SLOW COOLDOMWN

SUMMARY (CONT)

5. FATIGUE LIFE DECREASUS WITH
- LARGER OMPONENTS
- THIN SOLDER JOINTS

~ LARGE TCMPERATURE EXTREMES
- LARGE COEFFICIENT OF EXPANSION MISMATCH
6. MANSUN-COFFIN ANALYSES ARE USEFUL TOOLS FOR :
- GUIDING PKDUCT/PRODUCTION DESIGN )
- PREDICTING CYCLES TO FAILURE
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The first speaker, Dr. Ajay Sharma, discussed the details of why IBM's

Thermal Control Module has a very high reliability.

his presentation.
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3 THERMAL CONTROL OF LSI MODULES

IN _ .

IBM 3081 COMPUTERS

* A. Sharma
IBM, General Technology Division ' L
3 East Fishkill, NY
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The Thermal Conduction Module (TCM)

®» Mu'ti-layer ceramic substrate
= Uplo 118 LSI chips
® 25CM circuits per cubic meter

m Upto 4W per chip, 300W per module |

s Mechanical, thermal and environmental

encapsulation
= . it -43-WEI-
ﬁ Product Requirements ]
b -

®» Wide range of environmental conditions

i s Cooling water between 22 and 31C . “';j
} ®= Chip powers vary between 0.4 and 2.7W 1
;: (Nominal), design maxima 4W. ‘1
m Chip temperatures maintained: 40 - 85C
a Chip to water thermal resist. € 13C/W .

® Repairing capability

s Fieli—-replaceable unit

58
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DESCRIPTION

®» Cold Plate
BeCu water cooled heat sink
o Screw attachment to hat
| 0.02 C/W water to hat
m Hat Assembly
: Described in detail on next slide
L ‘ ® Interposer .
‘ Allows upward temperature adjustment
®m C-ring
Lead—plated Inconel, caoted with wax
Provides reworkable, hermetic seal
® Substrate |
MLC, 90x90 mm, upto 33 layers,
1800 1/0 pins

- - i
: =
L WAy T / >
L5 4. -. > A 1
[k e . - I
RO e ¥~ -
LRy N ;,| B e {
& - . .‘ 3 - i
e > il 0 o
L ol I .
an,
- / w 1
E He reservorr C-n‘n/pul ¢ - g
=3
Y
n.‘




- T T
P P et aien a0 wie atir adE" aANEcadhn -yt < i NP S RSP
s/ B0 s e v e i i N S VL A el i A AV LA R A S AL N

] | Hat Assembly

w Contains a piston for each chip
= Aluminum alloy pistons with crowns
‘ ® Accomodates chip and piston tilts

s Filled with helium to enhance thermal
interfaces '

B

®m End of life air ingress of 137%
. = Seals tested to 3600 cycles of 25-75C

= Thermal resistance: 8.4 to 9.1 C/W

o B - .
- Cooling
b medium ‘m . -~
~—Inerposer .]
Hat —R“

. Helium oo
. ~{or gas mizture)
b : A - -q

. : '.'-1
"-l'. R VoA
R'v V-

—R
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\ Cooling Development
m Chip to piston resistance:
Pressure, chip tilt, piston crown
s He vs. Air: 7.9 C/W vs. 22 C/W
® Limit air ingress to 13 percent
® Three dimensional thérmal models
n Interposérs added to maintain 40 —‘85('3 i
® Special thermal test vehicles ;—*--‘
® Stress tests: vibraiion, shock, on/off
'r n‘WConclusions -,,,“.j
= Cooling capability for 25000 logic
circuits and 65000 array bits per : .
module of 0.001 cubic—meter volume "
= Very high reliability
)
s Extendable cooling cép_acity | 1
. Highlh'ea.t fluxes (100 KW per square m) , B
® Hermetic enclosure isolates from %
external environment 5
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The next speaker was Mr. John Devaney from Hi Rel Laboratories. The

following is a summary of Mr. Devaney's remarks:

In failure analysis as elsewhere this famous quote is very relevant.
"Those who are ignorant of history are doomed to repeat it." ﬁi;;f
In failure analysis we are still analyzing the same failures we were over ;:iii
20 years ago. Prior to about 1967 we felt that if they were properly built,
semiconductors would not wear out. Since then we have started talking about

wearout mechanisms in semiconductors and we have found that thermal cycling or -

PNy W XY

thermal stressing is one of the key factors in aggravating failures. Some

other failure mechanisms are intermettalics (purple plague failure and bonding),

corrosion, electromigration, dendrite growth, nodule formation and ionic 2
leakage paths. -

There are several types of failure analysis (or as some people call it -~
process control or process engineering). First of all we have environmental .—;;;
stress test screening which was done extensively on the Minuteman missile.
Greater and greater stresses were applied to the part until it failed and then
analyzing the failures to determine the root cause failure mechanism and then ;;l;g
either redesigning the component or its application in the system. The other
type of failure analysis is the analysis of the part when it fails in the
system.

For failure analysis to be effective a number of factors are of major zifi?

concern: the turnaround time (need answers in hours or days usually), cost,

A hdoto'al

creditabilty.

The future of failure analysis, as integrated circuits get smaller and more
complex, depends upon power, temperature cycling and the mechanisms that are no
longer screenable by brute force, i.e. how do we think about what the potential

problems might be without waiting for failures to occur in the field. :;;-’
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It is more and more important for the manufacturer and the user to work as
a team. We need to do less assessing of blame, less "finger-pointing™ and more
"what can we do to fix it."

Most of what we know has already been published, but most of the time
failure analysts call each other to find out if someone else has seen the
failure mode which they themselves don't recognize. Usually under the time
constraints of failure analysis, we are not willing to look through the books
and papers to find the answer to our problem. Our base problem then is that
people don't recognize failure modes. There are very few comprehensive studies
on failure analysis with photo atlases to show what the failure mode looks
like and then to describe its root cause.

Mr. Devaney then showed some slides of actual failure modes.
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The next speaker, Col Dalton Wirtenan, also discussed the government's
use of stress screening from the DESC/E point of view. Col Wirtenan's . 7"

— 1
viewgraphs are included here.

<
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DESC

DoD IWVENTORY MANAGER FOR 300,0N0 PARTS

PROVIDE COMPGHENT ENGINEERING TO THE MILi:4RY

PREPARE OVER 1200 STANDARDIZATION PRC.:" -TS EACH YEAR
MAIRTAIN AND DEVELOP SOURCES FOR GPLs

AUDIT VENDORS

MANAGE DESC TEST FACILITY.

PROVIDE COMFUNENT APPLICATION INFORMATION/PARTS CONTROL
PROVIDE DCAS TECHNICAL TRAINING

DESC

ESS OF COMPONENTS CAN IMPROVE PERFORMANCE/RELIABILITY OF
SYSTEMS/EQUIPMENT

HI-REL MIL PARTS PROVIDE ESS

© WIL-STD-833 (MICROCIRCUITS) AND MIL-STD-750 (SEMICONDUCTORS)

DESC TEST FACILITY RESULTS SHOMS THE SCREENING EMPHASIS SHOULD
BE ON COMMERCIAL PARTS

LOGISTICS EXPLOSION W/O STANDARDIZATION

* DESC ESTIMATES POSSIBLE TRIPLING OF OUR INVENTORY WITHIN

3 YEARS W/0 STANDARDIZATION

66
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‘ O
DESC L
MIL-STD-383 100 X SCREENING (Ciass B Microcirecuits) ® “'j
® " INTERNAL VISUAL: J
)
® STABILIZATION Bake: 24 hns. @150°C S
SR
* TemperaTure CvcLing: -65°C 1o +150°C; 10 cvcles » .
.:*
® AcceLeration: 30,0006, Y 1 ORIENTATION -]
* Burn-In: 160 HRs. @ +125% L

]
® FinaL ELecTricaLs: Static @ -55°C, 259C, 1259C ]
FuncTioning 8 250C -1Lj?i
SwitcHinG @ 25°C .
* SeaL Test: FINE AND GRoss v
AR
® ExTERNAL VisuaL : 4

DESC ;e
JAN BRANDING POLICY :; :
INSPECTIONS AND TESTS TO VERIFY COMPLIANCE WITH e lﬁ
THE SPEC DOES NOT JEOPARDIZE THE JAN BRAND y .
SELECTING PARTS TO TIGHTENED ELECTRICAL PARAMETERS L

DOES REQUIRE AN N3P (CONTRACTOR DRAWING)
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DESC
INSPECTION AND SCREEWINC - F ALL COMPONENT PARTS LEADS TO
INCREASED ELECTRONICS .. TEGRITY
ESS REQUIREMENTS MUST BE *ARRIED THROUGH THE LOGISTICS SYSTEM

PARTS STANDARDIZATION + APPROPRIATE SCREENING = INCREASED
SYSTEM READIRESS

* USE OF HI-REL MIL PARTS = COST EFFECTIVE APPROACH TO ESS

® ALL COMMERCIAL PAk.S DOCUMENTATION SHOULD INCLUDE
REQUIREMENTS FOR INCOMING INSPECTION AND ESS

USE OF DoD DOCUMENWTATION TO PROVIDE “STANDARDIZED COMMERCIAL
PARTS AdD SCREENING”

A
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- The next speaker, !Mr. Ed Koenig from Warner Robbins ALC discussed the

"Use of Stress Screening At the Depot." His briefing viewgraphs are included

b here.
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ELECTRONIC COMPONENT
SCREENING BRIEFING
FOR

NAECON '84

ELECTRONIC COMPONENT SCREENING

¥ A WARNER ROBINS ALC INITIATIVE RIMED AT IMPROVING
THE QUALITY OF REPRIRED AVIONICS PROVIDED TO USING
COMMANDS

%# A COMPREHENSIVE PROCESS TO ELECTRICALLY TEST AND
ENVIRONMENTALLY STRESS COMMON ELECTRONIC
COMPONENTS PRIOR TO THEIR UTILIZATION IN THE
REPAIR OF AIRBORNE ELECTRONICS EQUIPMENT.
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COMPONENTS SCREENED

* COMMON VARIETY ELECTRONIC COMPONENTS
REPRESENTING THE HIGHEST USAGE NSNs
FOR THE DIVISION

STOCK CLASS TYPE OF COMPONENT
5985 RESISTORS
3918 CAPACITORS
5961 TRANSISTORS
& DIODES
53962 INTEGRATED
CIRCUITS

BRIEFING TOPICS

WHY ECS IS NEEDED T
- FACTORS AFFECTING QUALITY OF
RECEIVED COMPONENTS

- IMPACT OF SUBSTANDARD PARTS ON o
AVIONICS REPAIR b

b S

¥ THE ECS PROCESS 1
¥ WHAT ECS ACCOMPLISHES
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SOURCE OF SUPPLY

*¥ THE VAST MAJORITY OF ELECTRONIC COMPONENTS
v UTILIZED BY WR-ALCsMAI FOR REPAIR ACTIVITIES
iﬁ ARE SUPPLIED BY THE DEFENSE LOGISTICS AGENCY
o (OLA) THROUGH THE DEFENSE ELECTRONICS SUPPLY
CENTER (DESC)

tz ¥ WR-ALC’S REQUIREMENTS ARE INTEGRATED WITH
THOSE OF OTHER DOD ACTIVITIES, RESULTING IN
BULK RCQUISITION OF NEEDED COMPONENTS BY THE
DLA TO MEET HUGE DEMAND LEVELS

- COMPONENT PROCUREMENT >

¥ PARTS ARE OBTAINED UNDER THE TIME-HONORED
PROCUREMENT PRACTICE OF CCNTRACTING FOR REQUIRED S
MATERIAL FROM THE LOWEST QUALIFIED BIDDER. LT

¥ A PREMIUM IS PARID FOR 188% QUALITY RSSURANCE
LEVEL COMPONENTS (IT IS COST-PROHIBITIVE TO
PROCURE SUCH PARTS ACROSS-THE-BOARD)

¥ ANY ONE "QUALIFIED" SUPPLIER POSSESSING PARTS
WHICH MEET PROCUREMENT REQUIREMENTS CRAN BID
FOR CONTRACT:

- COMPONENT MANUFACTURERS
PAXTS DISTRIBUTORS
"GRRAGE" OPERATICNS
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NATURE OF PROCURED PARTS T

S

SR

e

- -~

s

¥ WIDE VARIANCE IN PARTS QUALITY ASSURANCE LEVEL o
¥ SMALL LOTS OF COMPONENTS OF THE SAME NSN WILL ]
CONTRIN PARTS FROM SEVERAL SUPPLIERS g

¥ DUE TO COMPONENT STOCKPILING BY DLA, THE AGE .
OF SUPPLIED COMPONENTS VARIES WIDELY (MAI HAS e
RECEIVED COMPONENTS MANUFACTURED AS EARLY .
AS 1956). ]
]

g

DESC TEST EFFORTS —

;::—.:E;:\-.T

o

| T

¥ RECOGNITION OF THE VARIANCES IN PARTS QUALITY =

PROMPTED DESC TO ESTABLISH A SAMPLE TEST
CAPABILITY IN THE LATE 1878°S

* DUE TO DESC’S LIMITED CAPABILITIES, ONLY 48X
OF ONE FEDERAL STOCK CLASS (FSC 35361) ARE - ;‘
CURRENTLY SUBJECTED TO SAMPLE TESTING RO

¥ DESC HAS PLANS TO UPGRADE THE NUMBER AND L
TYPES OF COMPONENTS SAMPLE TESTED DURING .-
THIS DECADE »
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DESC TEST METHODOLOGY

¥ DESC REVIEWS ALL PARTS PROCUREMENT CONT- 9CTS
AND SELECTS APPROXIMATELY 48% TO UNDERG. 5
SAMPLE TESTING 3

I ¥ THE DLA WAREHOUSE IS NOTIFIED AND SHIPS 9 =
SMALL SAMPLE FROM SELECTED INCOMING LOTS TO -
THE TEST LFPS

Eﬂ * AT DESC, THE SAMPLE IS ELECTRICALLY TESTZD.

- IF ANY FAILURES ARE ENCOUNTERED, A LARGER !
SAMPLE IS FORWARDED FOR TEST. BASED ON TEST !
- RESULTS, STANDARD STATISTICAL CRITERIA ARE ' o
;* UTILIZED TO ACCEPT OR REJECT THE LOT BASED ON - :
. THE NUMBER OF FRILURES. e

* IF LESS THAN A STATISTICALLY DETERMINED NUMBER ' ]
FAIL, THE LOT IS ORDERED INTO WAREHOUSE STOCK : i
FUR DISIRIBuI iGis. .

OTHER NEGATIVE FACTORS

¥ MAJOR COMPONENT MANUFACTURERS PURSUING MARKE™ FOR
= CONSUMER ELECTRONICS RATHER THAN MILITARY CONTRACTS. i
P- LESSER FIRMS TAKE UP THE SLACK. -

*# CHANGES IN MANUFACTURING SITES OFTEN ADVERSE!LY
RFFECTS COMPONENT PERFORMANCE LEVELS.
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IMPACT OF SUBSTANDARD MATFRIAL

E * SUBSTANDARD OR DEFECTIVE PARTS UTILIZEL IN DEPOT
L. REPAIR PROCEDURES NECESSITATE EXPENSIV: REWORK OF
P ASSEMBLIES

% TROUBLESHOOTING

REMOVAL /REPLACEMENT

RETESTING

POTENTIAL DAMAGES-QUALITY PROBLEHMS
FROM EXTRA REWORK

,.,‘

s e '. i R
1

¥ INFANT MORTALITY COMPONENTS RESULT IN EARLY FIELD
FAILURES - UNNECESSARY REPAIR CYCLES

IMPLEMENTATION PLAN

¥ SUBJECT 100% OF HIGH USAGE COMPONENTS TO
SCREENING PROCESS

¥ ELECTRICALLY TEST AGAINST COMPONENT ~
SPECIFICATION e
¥ ENVIRONMENTALLY STRESS TO WEED OUT UNSTABLE ﬁ;r?
COMPONENTS (INCLUDING INFANT MORTALITY -
FARILURES) S
¥ PROVIDE 188% GOOD BENCH STOCK FOR R’IONICS fﬁf}

REFPAIR WORK ]




ECS PROCESS

* DEPENDING ON COMPONENT TYPE, A (:IMBINATION OF THE
FOLLOWING MIL-STD-758C OR MIL-S57:-883B TESTS ARE

CONDUCTED:

VISUAL INSPECTION CONSTANT ACCELERATION

HERMETIC SEAL HIGH TEMP REVERSE BIRS B
STABILIZATION BAKE THERM=L SHOCK N
TEMPERATURE CYCLING BURN-IN -

"GROUP A" ELECTRICAL TESTS - UP TO 3 TIMES
DEPENDING ON ENVIRONMENTAL TEST PROGRAM

¥ 150,008 TO 200,009 COMPONENTS SCREENED/YEAR :.o]
T

‘ —

ESC RESULTS | =

¥ COST AVOIDANCE BENEFITS COMPUTED IN FY82 FOR
REMOVING INCOMING SUBSTANDARD FND INFANT
MORTALITY COMPONENTS WERE $43.79 AND $814.27
PER PART, RESPECTIVELY.

¥ BASED ON A CONSISTENTLY DEMONSTRATED FAILURE
OF LEVEL OF APPROXIMATELY 4%, YEARLY BENEFITS i
EXCEED ECS FACILITY START-UP £!.0 OPERATING ? o
COSTS BY BETTER THAN A 3 TO 1 ~3TIO. R
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SCREENING BrNEFITS

¥ ELIMINATION OF UNNECESSARY REWORK BY REMOVAL OF
RECEIVZD SUBSTANDARD COMPCOX-NTS AT INITIAL
ELECTRICAL TEST

¥ ELIMINATION OF EXTRA DEPOT REPAIR CYCLES FOR
END ITEMS WHICH FAIL DUE TO COMPONENT INSTABILITY o
OR INFANT MORTALITY

49% RECEIVE THIS ADDITIONAL SCRUTINY.
« BASED ON THE SAMPLE TEST RESULTS FOR FSC 5861 COMPONENTS:

_ AN ENTIRE LOT IS ACCEPTED IF A SMALL SAMPLE PASSES ;*?-

ELECTRICAL TEST :
— COMPONENT LOTS ARE ACCEPTED E/EN IF THEY CONTAIN LESS l

THAN A STATISTICALLY-DETERMINED PERCENTAGE OF
SUBSTANDARD PARTS

CONCLUSIONS g o

; ST

¢ ALMOST ALL ELECTRONIC COMPONENTS ARE ACCEPTED INTO THE DOD { L
SYSTEM WITHOUT BEING SUBJECTED YO ANY INDEPENDENT (USER) | 2
TESTING. - o

+ IN THE ONE FSC (5961) CURRENTLY SAMPLE TESTED BY DESC ONLY s
S

RPN
e
xS

BOTTOM LINE: IT IS IMPOSSIBLE TC GUARANTEE DELIVERY OF
_1@@% GOOD PARTS TO 3 GOVERNMENT USER ON e
A ROUTINE BASIS S
|
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FUTURE DIRECTIONS

r
o

¥ INCREASED ATTENTION TO COMPONENT PROBLEMS
WILL IMPROVE BUT NOT CURE SITUATION

* ECONOMICS FAVOR CONTINUED INDUCTION OF
HIGH VOLUME PARTS INTQO THE ECS PROGRAM

ENVIRONMENTAL STRESS SCREENING

WR-ALC FUTURE APPLICATIONS OF ESS PRINCIPLES:

* INVESTIGATE USE ON REPAIRED SHOP REPLACEABLE UNITS &7~

i * DEFINE FAILURE MECHANISMS FOR CANDIDATE SHOP
REPLACEABLE UNITS (SRUSY

* ¥ SELECT 5-7 TYPES OF HIGH HARDWARE FAILURE SRUs ) t_.
' ¥ DEVELCP STRESS SCREENS FOR SELECTED TYPES OF SRUs |
* EVALLUATE IN THE FIELD AGAINST CONTROL GROUP

{
I "
: * EVALUATION TO BE COMPLETED SUMMER 86 o

* If SUCZESSFUL, WR-ALC TO IMPLEMENT STRESS SCREENING
AS PART OF AVIONICS REPAIR PROCESS

et e

LN
et e




b ual G T S el Bhde s Shdistetl Shat A i dPSM A AR ANIL R A AP BPE LIPS A AR N M M SN L R i e BT

T T T T e T T e T Y

The next speaker, Mr. C. E, (Neil) Mandel, also discussed stress
screening but from the perspective of the Institute of Environmental Services

. (IES). The viewgraphs from his presentation are in this report.
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INSTITUTE OF
ENVIRONMENTAL SCIENCES o
ENVIRONMENTAL STRESS 0
SCREENING ACTIVITY
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ESSEH CURRENT PROJECTS

® ASSEMBLY ESS GUIDELINE DOCUMENT
e THIRD NATIONAL CONFERENCE AND WORKSHOP (ASSEMBLIES)
e 2 REGIONAL WORKSHOPS ON PARTS SCREENING

® PARTS ESS GUIDELINES DOCUMENT

)

e FOURTH NATIONAL CONFERENCE AND WORKSHOP (PARTS)
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K
ESSEH TECHNICAL COMMITTEE
- |
- —d
L
C € INEILY MANDEL 40 ' U
CHAIAMAN HUGHES . )
]
aALENA -
vice SCREENING o
CHAIRMAN  SYSTEMS . DR
- ~
A RUTROWSK! ® 4
SECRETARY  NAVPRO
amay ™ 2SAK o
AIRFORCE  AFSC
D PATTERSON X GREENE :
NAVY  Com 0SD  DwMSO - T
L g
1 T I |
wavARg ) N CAZANNAN M RAPHELSON h
CHAIAMAN CONFERENCE WORKSHOP TECHNICAL PROGRAM TREASURER
PUBLICITYPUBLICATIONS GENERAL MANAGER CHAIRMAN
VIKING LABS Gt GTE Rca
i )
P DICK d
VICE GENERAL Lo
CHAIRMAN - e
GE [ )
[ ] o
- HMCMILLAN N NEUREUTER T Y
CHAIRMAN CHAIRMAN s
PARTS S8 ASSEMELY ESS R
WOAK GROUP wORK GROUP L
GTE L] MAY 34/CEM TR
- J
* ]
THIRD NATIONAL CONFERENCE

AND WORKSHOP
SEPT 10-13, 1984 PHILADELPHIA, PA

EVENTS .
e KEYNOTE ADDRESS ~ MR.WILLIS J. WILLOUGHBY, JR, o
DEPUTY CHIEF OF NAVAL MATERIAL L
FOR R/M AND QA o
' ®
® EXECUTIVEPANEL  —~ MANAGEMENT AND COST ASPECTS OF ESS o]
 PLENARY SESSION  — TECHNICAL PAPERS
® PANEL SESSION — RANDOM VIBRATION R
. >
® PANEL SESSION ~ MIL-STD-883C/MIL-M-38510F o]
MIL-STD-1772 ISSUES T
® WORKSHOP SESSIONS @ INTRODUCE AND DISCUSS NEW ASSEMBLY ST
GUIDELINE DOCUMENT =
e PART SCREENING DEVELOPMENTS *
© o d
MAY B4/CEM ~','J
i
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ASSEMBLY ESS GUIDELINES DOCUMENT _

FEATURES

e COMPLETE UPDATE OF ESS GUIDELINES FOR MODULE, UNIT AN e
SYSTEM LEVELS OF ASSEMBLY : )

/A DATE BASE — APPROXIMATELY 50 NEW DATA SETS

= e REVISION OF COST ANALYSIS SECTION
; A SIMPLIFY FOR USER

h /A ADD FLOW DIAGRAMS RELATIVE TO CALCULATING
SCREENING COST, IN-HOUSE SAVINGS AND FIELD SAVINGS

e NEW TOPICS TO BE COVERED

A MANAGEMENT L
‘ /A RECOMMENDED PRACTICES e
fo /A DYNAMICS OF ESS PROGRAM o
A\ PROGRAM NEEDS

MAY BA/CEM

THIRD NATIONAL CONFERENCE
AND WORKSHOP
PARTS PROGRAM

PR R T
T N L
2’ p A % _r

i K
| I

e HIGH DENSITY MEMORY DEVICE SCREENING TECHNIQUES

® DISCUSSION OF SCREENS VS PART APPLICATION AND
k DEVICE PACKAGE

e IMPACT OF MIL-STD-883C/MIL-M-38510F/MIL-STD-1772 — PANEL
. A OEM

- /A PART VENDOR
/A GOVERNMENT

e APPROACH TO IMPROVED CONTROL OF DEVICE MANUFACTURER ESS
/A GOVERNMENT
A OEM

e GUIDELINE DOCUMENT STATUS/ISSUES
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PARTS ESS GUIDELINE DOCUMENT

PURPOSE
e DOCUMENT CURRENT SCREENING PRACTICE AND RESULTS

e DISCUSS SCREENING CHALLENGES ASSOCIATED WITH NEW
TECHNOLOGY

® PROMOTE DISCIPLINED APPROACH TO ESS PROGRAM
DEVELOPMENT

. !
/A CLASSIFY SCREENS BY PARY TYPE/ATTRIBUTE/ - 4‘
FAILURE MECHANISM ' .

' R

_ ® PROMOTE COMMON BASELINE OF UNDERSTANDING OF ESS

STATUS
e DATA BASE TO DATE — 15.5 MILLION PARTS
e FINAL DATA BASE —-> 40 MILLION PARTS
¢ DOCUMENT 60% COMPLETE

MAY B4/CEM

PLAN FOR DEVELOPMENT OF
PART ESS GUIDELINE DOCUMENT

DATA COLLECTION/ANALYSIS: SEPT ‘81— JAN ‘85

DRAFT GUIDELINES: SUMMER ‘83 -~ CONTINUING

DISCUSSION OF ISSUES — ESSEH CONFERENCE/WORKSHOP
A\ SEPT '84 — PHILADELPHIA, PA

REGIONAL PARTS WORKSHOP NO. 1 — PHILADELPHIA, PA — SEPT ‘84
A CRITIQUE DRAFT GUIDELINE DOCUMENT N

REGIONAL PARTS WORKSHOP NO. 2 — SAN JOSE, CA — SPRING ‘85 Lo
A CRITIQUE 2ND DRAFT GUIDEL!NE DOCUMENT T

e FOURTH NATIONAL IES ESSEH CONFERENCE/WORKSHOP —
SAN JOSE, CA — SEPT ‘85

A INTRODUCE PARTS GUIDELINE DOCUMENT

MAY J4/CEM
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PARTS ESS GUIDELINE DOCUMENT

OUTLINE
® INTRODUCTION/SCOPE/PARTICIPANT ACKNOWLEDGEMENT
® FACTORS AFFECTING ESS REQUIREMENTS
® PART SCREENING METHODS FOR MICROCIRCUITS

® STABILIZATION BAKE ® HERMETICITY

® TEMPERATURE CYCLING ® MECHANICAL SHOCK
: ® CONSTANT ACCELERATION e MECHANICAL VIBRATION
® PIND TESTING ® BURN-IN

® DEVELOPMENT OF ESS PROGRAM EXISTING TECHNOLOGY
A LEVEL OF PARTS TO PROCURE — HOW DETERMINED
/A SCREENING PARAMETERS

~ A OPTIMIZATION/TAILORING

A\ RE-SCREENING

e CRITERIA/RISK
® OEM VS SCREENING HOUSE

MAY B/CEM

PARTS ESS GUIDELINE DOCUMENT

OUTLINE CON'T

e DEVELOPMENT OF ESS PROGRAM NEW TECHNOLOGY
D EXAMPLE: 256 K RAM

O PROCESS EVALUATION
O ANALYSIS OF FAILURE MECHANISM
(3 UTILIZATION OF STEP-STRESS TECHNIQUE

© MANAGEMENT CONSIDERATIONS
® PLASTIC PARTS

< A FAILURE ANALYSIS/DPA

el '@ SHELF TIME VS RESCREEN

i ® USE OF ACCELERATED SCREENS

A HAY parcen
A.‘
o

el
Lttt
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PARTS ESS GUIDELINE DOCUMENT

OUTLINE CON'T

' ® DIE RELATED FAILURE MECHANISMS VS
POSSIBLE SCREENS

® INNOVATIVE SCREENS ’ ..

® INDUSTRY DATA/CONCLUSIONS AR
4 FIELD FAILURE BREAKOUT BY TECHNOLOGY TYPE N

AR aou
[
'
N

-
-

MAY 34/CEM R ‘J

MONTHLY TREND CHART
100% RECEIVING ELECTRICAL TEST RESULTS
FOR DIGITAL INTEGRATED CIRCUITS AT RSGMD

20 LN PARTS SYMBOL
900K ——
15 M38510 ——
SUBSTITUTE (COM'L}  secomeeem
REJECTION ALL OF ABOVE —
RATE 10 : ;
(%) . *
05 ,./.._: - s
e ~—, .
\,“
0 > )
MONTH [ mav ] JuN | JuL | AuG| SEP | ocT | NOV | DEC | JAN | FEB | MAR| APR T
SURSTH . .
MBS0 NO
50 ::;;n.
of0
QUANTITY 100 RS
PARTS L :
TESTED
L. 1 ialmany
(THOUSANDS] 159 X
.
TEMPERATURES: -859C "4
200 125° . 4
2 MILLION ANNUALLY
250 PERIOD: MAY B2-APR ‘83
)
300 -
MAY 34/CEN '_1
85
N Ay Aty ....-.‘.".-.‘,-.',-.-..; - ,-.;,-.'.,- .-.‘_-.'.--..-.._n.'.-",-.-,‘.',v e e A T Tt e N e et e et A s ~ .
R SRV IR I Sl S SOOI L PN I taa ":".m Lol a L ,'._.'_‘v:&-':-:.-.d',‘-' ‘..-&\._'-" - '-_‘.'-_‘.-:\':‘:L\if-'l::;‘:;‘:';‘:‘;‘:‘:‘:‘;':‘:'I ‘,-.‘:‘;‘..;
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ESS ISSUES

PARTS
¢ EMERGING TECHNOLOGY (HYBRIDS/VHSIC)
A PRESENT SCREENING METHODS INADEQUATE
e 883" CRITERIA INADEQUATE FOR NEW DIE & PACKAGES
A FACILITIES NOT GEARED TO NEW TECHNOLOGY
¢ PRE-CAP VISUAL

® MAGNIFICATIONS INADEQUATE
© SEM DESTRUCTIVE

o NEW BURN-IN EQUIPMENT NEEDED
A ELECTRICAL TESTS COMPLEX
& NEW GENERATION T/E NEEDED

ASSEMBLIES
® SEQUENCE OF SCREENS AT BOX LEVEL
® SYNERGISIC EFFECT OF ESSs
_® RANDOM VIBRATION SPECTRUM/PARAMETERS®

RECOMMENDATION
*M, M&T EFFORT OVER 3 YEAR PERIOD

ESS ISSUES

MANAGEMENT

® USE OF GUIDELINE NOMINAL VALUES AS FIRM REQUIREMENTS
CONSEQUENCES
- BAD SCREENS
— DAMAGING SCREENS
~ EXCESSIVE ESS COST

RECOMMENDATION

REQUIRE PROSPECTIVE CONTRACTORS PROPOSE E£SS BASED
UPON CHARACTERIZATION OF CANDIDATE HARDWARE




NEEDED INDUSTRY-WIDE

® DISCIPLINED APPROACH TO ESS DESIGN

® POLICY — SOME FORM OF ESS ON ALL DEMONSTRATABLE
t OR DELIVERABLE HARDWARE

— DESIGN OF SCREENS DURING FSD TIME-FRAME

® COST ANALYSIS OF EVERY ESS PROGRAM
, ‘ — FOR PROPOSAL WORK
r ' — FOR MANAGEMENT

MAY S4/CEM
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Next, Mr. Gary Ludwig, the technical director of the Avionics Engineering
Directorate at ASD made some introductory remarks prior to moderating a panel

discussion. Mr. Ludwig's remarks and viewgraphs are included here.
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AVIONICS (NTEGRITY PROGRAM ADDRESS
MR. GARY LUDWIG - PANEL MODERATOR

(1C MINUTES ALLOCATED)

VUGRAPH 1

THANK YOU, JOHN, KE HAVE HAD THE OPPORTUNITY TO SEE THIS AFTERNOON

WHAT INDUSTRY IS ACCOMPLTSHING IN THE AREA OF RESEARCH INTO INTEGRITY
ISSUES. WE HAVE AN IDEA OF WHAT IS IMPORTANT TO ACHIEVE INTEGRITY IN
AVIONICS. THE QUESTION THAT MUST NOW BE ANSWERED IS HOW THE GOVERN- |
MENT IS GOING TO ASK FOR IT, -

VUGRAPH 2

WE HAVE BUILT UPON THE SUCCESSFUL AIRCRAFT STRUCTURAL INTEGRITY
PROGRAM IN DEVELOPING OUR CONCEPT OF A MASTER PLAN TO BE PREPARED

BY THE SUPPLIER, SYSTEM INTEGRATOR OR SUBSYSTEM MANUFACTURER,

THE PLAN IS TO DESCRIBE THE APPROACH TAKEW TO SATISFY INTEGRITY
REQUIREMENTS. THIS PLAN, DEVELOPED IN A PRELIMINARY FORM, IS TO BE
SUBMITTED BY THE MANUFACTURER AS PART OF THEIR RESPONSE TO A REQUEST
FOR PROPOSAL. THE INITIAL PLAN WILL INCLUDE THE APPROACH THE MANU-
FACTURER WILL TAKE IN SOFE KEY AREAS SUCH AS STRESS ANALYSIS, FAIL-
URE DIAGNOSIS, THERMAL MANAGEMENT, TESTABILITY, DERATING AND STRESS
SCREENING, THE INITIAL MASTER PLAN WILL BE USED AS A FACTOR IN
SOURCE SELECTION, AND IT WILL BECOME PART OF THE CONTRACT AFTER THE
MANUFACTURER HAS BEEN SEIECTED AND AGREEMENT IS REACHED AS TO HOW :
AND WHEN IT WILL BE UPDATED. o
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VUGRAPH 3

TﬁE AVIONICS INTEGRITY MASTER PLAN IS TO BE DEVELOPED WITH THE |
GUIDANCE PROVIDED i THE AVIONICS INTEGRITY MILITARY PRIME STANDARD
WHICH EXISTS IN DRA“T FORM NOW. THE STANDARD WILL BE SUPPORTED BY

- A HANDBOOK TO PROViJE RATIONALE AND LESSONS-LEARNED GUIDANCE FOR
STANDARD APPLICATICY, AND IT FOLLOWS THAT A POLICY DOCUMENT OR
REGULATION WILL BE NEEDED FOR GOVERMMENT USE,

THE MILITARY PRIME STANDARD WILL OUTLINE HOW THE MASTER PLAN IS TO
ADDRESS INTEGRITY DESIGMN REIREMENTS AND HOW THESE REQUIREMENTS

" ARE TO BE CONSIDERED DURING DESIGN, DEVELOPMENT AND MANUFACTURING.
THE DESIGN REQUIREMENTS ARE TO BE SPECIFIED IN THE SYSTEM SPECIFICA-
TION OR STATEMENT OF WORK ALONG WITH THE ENVIRONMENT USAGE CONSTRAINTS -
THAT MUST BE USED Ii DESIGNING FOR INTEGRITY. THE MASTER PLAN THEN e
SERVES AS GUIDANCE FOR BOTH GOVERNMENT AND THE MANUFACTURER FOR
ASSESSING PROGRESS AT DESIGN REVIEWS.

- VUGRAPH 4
: WE WANT TO ACHIEVE A BALANCE IN THE AVIONICS DESIGN OF COST, PER- o
o FORMANCE, SCHEDULE AMD INTEGRITY. WE MUST EMPHASIZE THIS BALANCE

EARLY AND FOLLOW THROUGH THE ACQUISITION CYCLE,

VUGRAPH 5 | 3
OUR OBJECTIVE IS TG IMPROVE AVIONICS INTEGRITY BY ESTABLISHING o
REALISTIC, LIFETI®™ AND DURABILITY REGUIREMENTS AND ALLOW INDUSTRY
2 THE FLEXIBILITY TO 3ESPOKD TO OUR REQUIREMENTS WITH A RATIONAL
: PLAN SUPPORTED WIT!: STUDIES AND ANALYSES TO ACCCIMP'.ISH A DESIGN
; AND PROCUCT HITH I"TEGRITY.

-------
--------
-------------

............................................................. e
e T e e A e e e A A e T e e e e e e e o S . BN e oo
RGPS I P PP G P LR LN S I RN S D TS RN I I I I S I o S N NP IRPAT S VAT P Y SN

.............
----------------------




VUGRAPH 5 (EJTTOM PICTURE)

OUR IMPLEME!™ATION STRATEGY IS AS PICTURED AT THE BOTTOM OF THE
VUGRAPH, Tht INTEGRITY PROGRAM SERVES TO ESTABLISH THE TECHNICAL
APPROACH AMND PLAN FOR ACHIEVING INTEGRITY, THIS MUST BE COUPLED

WITH A BUSINESS STRATEGY THAT IS ORIENTED TOWARD PROVIDING CONTRACTS
WITH INCENTIVZS TO THE MANUFACTURER,
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AERONAUTICAL SYSTEMS DIVISION
DIRECTORATE OF AVIONICS ENGINEERING
MR. GARY LUDHIG

METHOD

................
i
AN

MASTER PLAN
PREPARED BY MANUFACTURER
DESCRIPTION OF APPROACH TO SATISFY INTEGRITY REQUIREMENTS
SUBMITTED WITH PROPOSAL
INCLUDES:
* STRESS ANALYSIS
- FATIGUE
- CORROSION
* THERMAL MANAGEMENT
* DERATING
CONTRACTUAL

* FAILURE DIAGNOSIS

* TESTABILITY
*« STRESS SCREENING
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DEFINING DOCUMENTS

AFSC/ASD POLICY/REGULATION

MILITARY STANDARD
* MIL PRIME CONCEPT
* TAILORED SOW LANGUAGE

DESIGNER’S
HANDBOOK

NETHOD 52 =

THE APPROACH TAKEN IN THE MASTER PLAN MUST REPRESENT A -
REALISTIC BALANCE OF CONSTRAINTS:
PERFORMANCE

BALANCED

SCHEDULE

INTEGRITY
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- IMPROVE AVIONICS INTEGRITY - B2

o APPROACH: DETERMINISTIC PHILOSOPHY o
o DURABILITY

® CONTROL:  SERIES OF ACTIVITIES
© STRESS ANALYSIS
® DESIGN TO STRESS

e METHOD:  MASTER PLAN

1 o DESIGN CRITERIA
® TOOLS

DESIGN REVIEWS

( IMPLEMENTATION STRATEGY N S
A .
AVIP K/ i\ BUSIHESS
DESIGN CRITERIA L) CONTRACTS, INCERTIVES
TECHNICAL TOOLS _ & WARRANTIES
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After his remarks, Mr. Ludwig introduced the panel members listed below.
He gave Mr, Penter, Dr. Mayer, and Mr. Tewksbury an opportunity to make
comments about what their particular AFWAL laboratory is doing in relation to
the Avionics Integrity Program. Mr. Ludwig then opened the floor to questions
from the audience. He and the panelists were available to answer these questions.

Dr. Joseph L. Capitano, Gould Defense Systems,Inc

Mr. John Devaney, Hi Rel Laboratories

Mr. Donald E. Dewey, Boeing Military Airplane Co.

Mr. John R. Fenter, AFWAL/MLTE

Mr. John Gregory, Westinghouse Defense and Electronics Center
Dr. John Halpin, ASD/EN(PA)

Mr. Ed Koenig, WRALC.MAIE

Dr. Hylan B. Lyon, Jr., Texas Instruments Corp.

Mr. C.E (Neil) Mandel, Jr., Bughes Aircraft Company

Dr. Arnold Mayer, AFWAL/FIE

Dr. Ajay Sharma, IBM

Mr. Alan Tewksbury, AFWAL/AADE-2

Mr. Lou Urban, ASD/AX

Col Dalton Wirtenan, Defense Electronics Supply Center DESC-E

To reflect the essence of this discussion period, key questions and
replies are paraphrased below.

Please do not interpret these notes as quotes.

The first question, by Mr. Phil Klass of Aviation Week, was: Are you
thinking of applying your program to a product already being manufactured, to
a product just starting to be manufactured or are you looking to apply your
program to an advanced development program? Or do you hope to apply it
to everything from advanced development to production?

Gary Ludwig's response: We do not expect to apply AVIP to programs which
are well underway. We are not really prepared to contractually do that. We
have been talking very seriously to the ATF Program Office and are looking
ahead to when that effort goes into full-scale development. We have also
locked at some subsystems and LRU's which are coming up for procurement over
the next couple of years where we can try these techniques and the contractual

vehicles which might capture thenm.

Mr. Ed Trumpeter of Trumpeter Electronics, Inc made the following
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Mr. Ed Trumpeter of Trumpeter Electronics, Inc made the following
comments, ASD and DESC are not living in the real world. It (the acquisition
process) just doesn't happen the way you would like it to happen, There are
people under you doing things completely in violation of what you are trying to
do. In ASD they are violating those specs all over the place. All DESC does
is warehouse and distribute parts, Parts, in particular some of my company's .
parts, are being counterfeited,

Gary Ludwig's response: I don't disagree with your comments, but our
program assumes that integrity exists in the contractual relationship, and that
there's enough enforcement built-in to try to maintain that integrity and keep
the honest, honest. Clearly, if there are proveable cases of fraud,
counterfeiting, or whatever they ought to be addressed in our legal system.

A gentleman from McDonnell Aircraft Company made the following comments,
You briefly mentioned that industry, while reviewing the firsi draft of the
MIL=-STD ébjected to the amount of paperwork involved. From what I have heard
you have not satisfied this objection. It appears that if a contractor says
they will meet the requirements of reliability, durability, maintainability and
all the other measurable parameters they still have to meet the requirements of
the AVIP. This is what industry is objecting to. It is not just the quality
of the product they will be measured on but also the quality of the plan which
they submit with the RFP.

Mr. Ludwig's response: We don't want more plans. We are trying to

respond to ALL the comments we received in that first draft. I don't think you

could have honestly reached your conclusion from the few comments you have

heard today about the next draft of our MIL-PRIME-STD, I would like you to

read this next draft before you make your judgments. We are talking about one
plan which will incorporate many others and replace others. i;fij

Mr. Dewey's response: When we read the first draft of the AVIP MIL-STD,
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it looked to us as though we would have to have about 20 people sitting off to
the side in order to respond to the requirements of the AVIP, Many in industry
had similar comments. These comments were taken to heart. The way it is being
handled now is in a tailoring process. This is what was recommended and this

is what is going to be done so that the existing processes (paperwork) stay

untouched, but they are integrated and they are put into a total package form
by an umbrella type of a master plan. There are many of us now in industry who
are saying this is an excellent thing to do.

l: If it (AVIP) is implemented properly (that is tailored properly) it does

3 not have to cost an arm and a leg yet it will identify the problems so that we

get the best product out. However, IF, in the contractual arrangement things
do get out of hand and there are too many additional requirements on top of the

master plan then I will swing back very strongly into your camp.




Avionics Integrity Program Tutorial Notes

The Avionics Integrity Program Tutorial was held on Monday afternoon, May
21, 1984, The participating lecturers for the tutorial are listed on page 96,
This tutorial covers the many facets of integrity (thermal management,
corrosion control, failure diagnosis, environmental stress screening, combined
environmental reliability test, and logistics support analysis) and how they

are incorporated in the Avionics Integrity Program.
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Agenda

AVIONICS INTEGRITY PROGRAM TUTORIAL

NAECON '84

MONDAY, 21 MAY 84

Introduction

AVIP Program

Videotape

Videotape

Thermal Management

Corrosion Control

Failure Diagnosis

Environmental Stress Screening

of Electronic Hardware

Videotape

Combined Environment Reliability

Test (CERT)

Logistics Support Analysis (LSA)
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Mr. John Price
(ASD/ENAS)

Major Lee F. Cheshire
Mr. Thomas J. Dickman
(ASD/ENAS)

Mr. Dave S. Steinberg
(Litton)

Mr. Willis J. Willoughby, Jr.
(NAVMAT 06)

Mr. Robert L. Berger
(ASD/YYEF)

Mr. John Kaufhold
(ASD/ENAS)

Dr. Bill Dobbs
(AFWAL/MLSA)

Mr, Phillip H, Hermes
(ASD/YYETI)

Mr, Joseph L. Capitano
(Gould, Inc.)

Dr. Alan Burkhard
(AFWAL/F1EE)

Mr. Kenneth L. Morris
(AFALC/PTA)
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Dr. Alan Burkhard is the Technical Manager of the Combined Environments Test

Group of the Air Force Wright Aeronautical Laboratories’' Flight Dynamics
‘ Laboratory. In this capacity he is responsible for the technical direction g
I and content of MIL-STD-810, the tri-service coordinated environmental testing - =
: methods document. He was the Technical Program Director of the extensive R&D R
. effort which developed Combined Environments Reliability Test (CERT) into a e
ugseful acquisition test technology. Dr. Burkhard has authored over 15 tech-
nical papers and open literature reports concerning environmental reliability °
design and test criteria.

L Robert L. Berger 1is currently Chief of the Flight Systems Division, Deputy
for Strategic Systems which is responsible for the Air Launched Cruise Missile
(ALCM), the Advanced Cruise Missile (ACM), the P-111 Avionics Modernization
Program (AMP), various B~52 modernization programs and the Advanced Air to
Surface Missile (AASM). Mr. Berger initiated the Thermal Management Program
: within the Aeronautical Systems Division and has written two published papers
b on the topict "A Systems Approach - Minimizing Avionics Life Cycle Cost,”
presented at the 13th Intersociety Conference on Environmental Systems in
July 1983, and "Electronic Equipment Thermal Management,” presented at the
1984 Reliability and Maintainability Symposium in January 1984,

Mr. Berger graduated from Ohio University (BSME) in 1967, the University of
Dayton (MSEM) in 1972, and the Air War College Seminar Program in 1977. He
is a member of AIAA and a registered Professional Engineer in the State of
Ohio.

W

/

Major Lee F. Cheshire (USAF) 1is currently assigned to AFSC/ASD, more specifically
to the Directorate of Avionics Engineering, where he has managed the Avionics
’ Integrity Program since November of 1982. Previously he was assigned to the
Controls and Displays Branch of ENAS for 8 months. He has a BSEE from the
University of Virginia (1970) and an MS in Aeronautical Systems Engineering
from the University of West Florida (1972). Major Cheshire is a certified

private pilot with an instrument certificate. Since being stationed at ?;EPQ
Wright-Patterson Air Force Base, he has worked on such projects as the HH-60D s
Nighthawk Source Selection, Advanced Tactical Fighter, standard fiber optics - 4

data bus, and avionics architecture handbook. He is now a lead engineer and L
manager for ENAS, working to develop and promote the Avionics Integrity Program. ;Qi}i

Major Cheshire was born at Bolling Air Force Base, Washington DC, and is married
) to the former Anne D. Myers of Alexandria, VA. They have two sons.
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Joseph L. Capitano, P.E., Director of Quality Assurance, has been with Gould
since 1972. For five years he managed and was responsible for failure diagnostic
analysis of all components as well as vendor approval and selection. BHe also
functioned as a Technical Subcontracts Administrator under the direction of the
Director of Purchasing. He has been in his present position for over four years. .
Prior to joining NavCom, he held the positions of Quality Manager for several .
small aerospace companies. He also has been a Quality Engineer, Chief Failure
Analysis Engineer, Test Manager, and Hybrid Quality Engineer. He has over 20
years in aerospace Quality Engineering and related functions. Prior to entering
the quality field, he was a Design Engineer in the fields of power supplies,
radiation detection equipment, and camputer logic design. Mr. Capitano is
currently teaching credited Quality Assurance advanced courses at Rio Hondo
College, and has done so for the past four years. BHe has recently completed
work on a PhD.

Mr. Thomas J. Dickman is currently assigned to the Directorate of Avionics
Engineering where he has been defining, developing, and promoting the Avionics
Integrity Program since January 1983. He currently serves as a lead engineer
in the Avionics Systems Division where he is technical head of the Avionics
Integrity Program. Since coming to Wright-Patterson AFB in 1968, he served
as project engineer responsible for the development of air data computers.

He has written and presented several papers advocating the development of the
Standard Central Air Data Computer. He has authored several articles and
papers advocating the Avionics Integrity Program. In 1980, Mr. Dickman was
assigned to the Deputy for Tactical Systems as lead avionics engineer for the
A-10 Weapon System. Mr. Dickman received a BSEE degree from the University
of Cincinnati in 1968. 1In 1974, he received a Master of Science degree in
Engineering Management from the University of Dayton. Mr. Dickman is a
registered Professional Engineer in the State of Ohio.

Dr. Bill Dobbs is employed at the Air Force Wright Aeronautical Laboratories/

. Materials Laboratory at Wright-Patterson AFB, OH. He has lectured extensively
o on electronic materials and manufacturing processes associated with electronic
- device failure. Dr. Dobbs established and organized the Systems Support Divi-
sion's Electronic Failure Analysis Group at the Materials Laboratory im 1977.
He received his Ph.D. in Physics from the University of Missouri at Columbia
in 1971 and has research and teaching experience from three post-doctoral .
fellowships. He has made numerous presentations and has published extensively
in scientific journals.




Phillip H, Hermes 1s currently the Deputy for Strategic Systems (YY) Lead

Engineei_?or Product Assurance. He provides program support in reliability, )
maintainability, parts control, producibility, and value engineering. In i
the past, Mr., Hermes has worked in the areas of aircraft vibration, acoustics .
and shock. The programs he has supported are the F-15, F~16 and B-52 Constant N
Speed Drive.  From 1980-81, he was a member of the National Committee on Environ- IRERS
mental Stress Screening, sponsored by the Institute of Environmental Sciences.-

Mr. Hermes graduated from Bellarmine College (BA Math) in 1957, the University 2
of Detroit (BSME) in 1960, and the Air Force Institute of Technology (MS System
Engineering) in 1974.

After joining the Aeronautical Systems Division in 1970, John Kaufhold
specialized in system safety, systems and materials engineering, and corrosion
control on mobile shelterized reconnaissance/strike system ground stations for .
over 12 years. As a member of the Avionics Integrity Program Office, he 1is 1
responsible for the development and integration of system safety and corrosion .
control requirements for the Avionics Integrity MIL-PRIME Standard.

Mr. Kaufhold received a Bachelor of Science degree in Chemistry in 1969 from _i.;f
the University of Cincinnati. He is a member of the System Safety Society -
and the National Association of Corrosion Engineers.

Kenneth L. Morris is a Logistics Management Specialist in the Directorate of
Logistics Support Analysis, Air Force Acquisition Logistics Center at Wright-
Patterson Air Force Base, Ohio. 1In 1979 he directed the study to determine
the course of action the Air Force would take in implementing LSA. His final
report and recommendations was the foundation for the Air Force LSA development
program. He served as the AFLC representative to the AFLC/AFSC steering group - T
established to direct the LSA implementation program and was also a member of - ]
the OSD-sponsored Joint Service/Industry Work Group that rewrote MIL-STD-1388. R
With the formal publication of the MIL-STD, Mr. Morris' principal function has ]
been to act as a consultant to Program Offices implementing LSA on acquisition )
programs. ¢_3:3
]
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Dave S. Steinberg is the Manager of the Mechanical Engineering Design Analysis -
Section at Litton Guidance & Control Systems, in Woodland Hills, California. - -
He is a Registered Professional Engineer in New York, New Jersey and Michigan, .
and the author of more than 20 published articles on Electronic Packaging. In

addition, Mr. Steinberg is the author of two textbooks, "Vibration Analysis

for Electronic Equipment"” and "Cooling Techniques for Electronic Equipment” .

which are published by John Wiley & Sons, in New York.

Mr. Steinberg received his B.S. Degree in Mechanical Engineering from the
Illinois Institute of Technology in 1948. He is a visiting Professor at the
University of Wisconsin-Extension, where he has been presenting a series of
short courses on vibration and cooling of electronic equipment for the past
6 years.

At the request of Admiral Isaac Kidd, Chief of Naval Material, Mr. Willis J.

willo came to the Beadquarters Naval Material Cammand as the Director
o iability and Maintainability Directorate in 1973. Prior to "joining"

the Navy, Mr. Willouwghby was the Director of Apollo Reliability, Quality and
Safety for the National Aercnautics and Space Administration's Office of Manned
Space Flight, Apollo Program Office. -

Mr. Willoughby earned a BSME in 1952 from the University of South Carolina.
His awards include the

* President's Meritorious Executive Award

* NASA Exceptional Service Medal

* Navy Distinguished Civilian Service Award

* Apollo Group Achievement Award

* Aerospace Industries Association (AIA) Distinguished Colleague Award

* Aeronautical Institute of Aeronautics and Astronautics (ATAA) Systems
Effectiveness and Safety Award -7

* Institute of Environmental Science (IES) Reliability Test and Evaluation T
Award

* Society of logistics Engineers (SOLE) Logistics Award

Mr. Willoughby was born in Colurbia, and is married to the former Mary J. Lloyd.
They have two sans and one daughter.
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The videotape you are about to see is an introduction Lt Gen TH McMullen, AS-D
Commander prepared for the videotape "A New Dimensjon in Weapon Systems Design®,
which stars Gen Robert T. Marsh, Commander, Air force Systems Command, Gen Billy M.
Minter, Commander, United States Air Force Europe, and Gen James Mullins,
Commander, Air Force Logistics Command. Several of Gen McMullen's comments refer
to the film and his overall message is clear. The Avionic Integrity Program and
NAECON's theme this year address these issues. Here is the script for the
videotape.

The message you are about to see is an important one., Its aboug logistics and
supportability and availability of weapons systems, but its not directed at the
people we normally think of in those areas. 1Its aimed right at us - here in ASD.
It talks about our business, technology, and system acquisition, but not from the
perspective we historically emphasize - how fast, how high, how far. It talks of
the importance of having machines that are available to show their s§u£f rather
than sitting somewhere on jacks leaking hydraulic oil. 1Its not a new idea. What
is new is a matter of emphasis. The interest in addressing these issues early,'of
building in this capability rather than trying to force it in aftetyard. As you'll
see there are several spokesmen who develop this theme. The princxple.ones though
are Gen Marsh, our boss, Gen Minter, who is squarely facing our potential enemy as
the commander in Europe, and Gen Mullins, whose command suports the systems we
field. We at ASD are major players in this important subject.

As Systems Command's principal acquisition organization, we need to focus our
attention toward more available weapon systems, The message Is simple: it is our
job to see the systems we acquire ~ the fighters, the bombers, the missiles, in
fact all the aercnautical equipment we provide - are designed, developed, manufac-
tured, and flelded with the support needed to provide the combat troops the oppor-
tunity to be a credible deterrent force; or failing that, a force that will win no
matter what the environment.

Now, here at ASD, we're taking beginning steps to increase attention to the
importance supportability and sustainability play in specifying both hardware and
software. It all has to begin in the important work done in our labs where so much
of our technology begins. As you'll see, Keith Collier has some things to say from
that aspect.

But the consciousness must grow as the system takes shape. We all know that
fielding supported systems requires discipline in both our design and manufacturing
process. QOur systems have to be developed so they're consistent with the support
concepts and requirements of both the operating and supporting community., To help
provide that orientation and to help with the policy necessary to increase our
emphasis on a supported system, we have two fairly new organizations at ASD.
First, in the Deputy for Engineering, the ASD Product Assurance Office now headed
by Dr. John Halpin. 1ts chartered to help our focus on reliability, maintain-
ability and quality {n design and manufacturing, 1I've also established the Deputy
for Acquisition Logistics under Colonel Dave Casey, to exercise management over-
sight of ASD acquisicion logistics functions and activities.

While these two organizations are fundamental to out inst{tutional approach to
these areas, as always, the place where it happens is ‘+ sur programoffices, where
the program director has the responsibility for how do or den't do our work in
tnis particular area as elsewhere. The challenge we cace requires not more work
but smarter work from all of us, It requires that we increase Qur knowledge and
involvement in ensuring that availability in all its subsets - l{ke readiness,
supportabillity and sustainability - are integrated into the right aspect of our
acguisition proyram.

Incidently we have initiated such efforts right on the ground floor in the
advanced tactical fighter. There, we have a chance to back off and run at it from
the start, But we can't limit this new enthusiasm to just new starts or programs
whose development cycle is out in the future. We have shown we can do it in lots
of ways. Probably, our best example is the Alternate Fighter Engine Program.
Their i{nnovative management and dedication and leadership all teamed up to give us
fighter engines that will spend lots more of their lifetime propelling airplanes
rather than in the engine shop.

But we just have to do more. We have to do it with all our programs - now,
We must turn all our programs toward, and where it's clearly not too late, into
Deing fully supported when we turn them over to the user. This film clearly
highlights that support isn't something we add on to our systems. It's an integral
part of the design and manufacture of the hardware. It requires the appropriate
resources be committed to providing the right level of support and we must have the

final day on how that goes. I suggest you pay careful attention to the story these
three leaders unfold.
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AVIONICS INTEGRITY PROGRAM (AVIP)

OVERVIEW

BACKGROUND
DURABILITY
ACTIVITIES
PROGRAM

CONCLUSION

ANCNICS REALTIES

© EXPANDING ROLE
o MISSION ESSENTIAL

o SAFETY-OF-FLIGHT

® COMPLEXITY INCREASING

@ (UANTITY INCREASING

©® PERFORMANCE/TECHNOLOGY DRIVEN

© TECHNOLOGY RAPIOLY ADVANCING

© RELIABILITY INCREASING (PART LEVEL)

® CONSTRAINED MANPOWER AND LOGISTICS

SUPPORT ENVIRONMENT

n‘ ﬂlll% Ledtil) l‘ﬂ’.s

[ 1 VS et ¢ s

WORDS OF ON BQARD MEMORY

11N THOUSANDSH

FA1tD 4G UPOATE
C-141 F-4114 A.7D EREC A-10

1960 1948 1970 1975 1980

* AM FORCE MAGAZINE/ARLY 1983

“WMAT THE COMPUTER HATH WROUGHT™

« WALTER LANG

This tutorial will first provide a
background of ASD's Avionics Integrity
Program (AVIP) and its development
from the Afrcratt and Engine
Structural Integrity Programs. Next,
the technical perspective and
philosophy of durability will be
discussed. Then the acquisition
activities necessary to achieve
integrity of hardware will be
discussed in detafl, Guest speakers
will be phagsed into the tutorial as we
develop the AVIP process, Finally,
the status of the AVIP program will be
provided.

Avionics are being driven by pacrform-
ance .and technology and are expanding
into mission essential roles such as
electronic warfare and weapon manage-
ment systems and safety-of-flight
roles such as flight and engine con-
trols. Reliability may be increasing
at the part level but increasing
complexity and quantities decrease
system reliability and burden the
logistics support environment. The
exponential increase in words of
onboard memory exemplifies the
situation.

A
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%), PERCEPTIONS OF ACQUISITION POLICIES

! o
! ® FUTURE SYSTEMS MUST IMPROVE IN THE FOLLOWING AREAS: g‘
- « RELABILITY & MAINTAINABILITY | In order to meet these realities we DA
- - . need to improve the reliability and R
S * MANUFACTURING QUALITY rf)\'~ N f—— | maintainability, manufacturing
Vi - "W%Z" - quality, economic lifetime, and T
. © ECONOMIC LIFETIME AE _‘_’rm',f’_;-,{ A environment definition of our
.\_ e hardware. These, along with a

" ¢ ENVIRONMENT DEFINITION disciplined engineering management

approach should lead us to improved
readiness with reduced life cycle
cost,

o DISCIPLINED ENGINEERING MANAGEMENT

< 1 s IMPROVED AVAILABILITY
o POSSIBLE RESULTS READINESS TO FIGHT

LOWER T LOGISTICS REQUIREMENTS i
OPTIMUM LIFE CYCLE COST

L.

In the past ASD established the

) Algcraft Structure Integrity Program
&A_ (ASIP) and the Engine Structure
& Lo Inteqrity Program (ENSIP) to Improve
Kide the quality of these key aitplane
elements. The ASIP began in the late

VIONICS GNTY NE INTEGRITY 195d's because of & wing cracking ol
A mﬁ Enaine problem on the B-47, There were two

ASD APPROACH

tasic problems: there was a need for
& improved design criteria and selection .
Cr\ of matecials for wings and there was &
need for improved manufacturing tech-
1980 niques and better control of the manu-
L tacturing process. The late 63's and e
.- early 78's saw an improved ASIP with
. . the advent of fracture mechanics and -
. HAROWARE SOFTWARE the analysis of crack growth on the
e TOOLS & TOOLS wings to the point where » wing's -
! . lifetime could be more accurately
¢ CRITERIA e CRITERIA determined based on the usage of the
J- wing, Today, virtually all USAP
~ CHARACTERISTICS alicrcratt are using ASIP and the
BILITY commercial industry is applying the .
~. * DuRa same principles to their aircrafe. B
. © MAINTAINABRLITY The ENSIP began in 197d's and apolied e
- o SAFETY similar concepts to improving the N
. integrity of aircraft engines., The
realities of avionics has led us to -
the Avionics Integrity Program where -
we ave presently addressing hardware e
quality (seftware gquality will be
addressed in the future) by
- establishing the tools and criteria A
AR necessary to obtain these =
. characteristics of integrity: dura-

/oa—\ +125°C Y CERAMIC ::}ei:ayn,ce?::fnet:yl.nablllty, and fault
. CHIP .
CARRIER

1988

e e e

uTREAEND

»

\w. One of the major causes of failures in
N - A avionics is the diftferences in thermal
- coefficients of expansion between o
N SOLDERED various components of electronic
A TO equipment, This is a graphic example )

of the results of thermal gradients on
a chip carrier and the board to which
it is soldered. Avionics designs must

b be able to tolerate these Jdifferences
r, - they must be ctugged (durable),

"

s
Y
.t

EPOXY GLASS
BOARD

¥
D

THERMAL COEFFICIENTS OF EXPANSION
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DURABILIY A

e

— principles of

In order to explain our concept of
durability, an application of basic
thermodynamics to

FIELD STRESSES WEAKEN MATERIAL STRUCTURE

i B

TEMPERATURE CHANGE
PRODUCES MECHANICAL STRESS

STRESS FACTORS LEADING TO FATIGUE:
THERMAL: AT

FAILURE
(STRENGTH)

STRESS
(am
—=— /= - — FIELD STRESS

ALENGTH

e = e =

oar T~._ FATIGUE

a:. FAILURE
= an STRESS

B (am OPERATIONAL
ix STRESS

ENVIRONMENT

VIBRATION:
L]
in TIME

INITIAL STRENGTH MUST EXCEED FIELD STRESSES

electronic structures is helpful,
Differences in thermal coefficients of
expansion cause mechanical stresses to
be set up at the interface of two
materials bonded together. These
stresses are plotted {n the upper
ctight as a function of change iIn
length of the bonded pair of bars., If
we heat the bars to the point where
their expansion causes the interface
of the two bars to rupture, we have
reached the yleld strength of the
joint., Operational or fleld stressss
are well below this maximum strength
point., Stress screening i{s intended
to Insure that the part will not fail
in the presence of field stresses. We
introduce stresses greater than the
parts will typically experience to
precipitate out weak joints. 1In the
lower right we recall that repeated
stress cycling reduces the strength of

)| DURABILITY ./

CAUSES OF FATIGUE FAILURE IN PAINTED WIRING BOARDS:
® CONCENTRATION OF STRESS ON SOLOER JOINTS
@ CONCENTRATION OF STRESS ON PLATED THROUGH HOLES *
® FATIGUING OF COPPER LANDS WITHIN MULTILAYER BOARDS *

TYPICAL
FAILURE Tca Ttevaste crame

E

e omsECTNE )
rnon

frwCaL 3OLOUR FLOAT
aaum LOCSTEOmE

el
<

CAUSED BY:
® TEMPERATURE CYCUNG
¢ VIBRATION - BOARD DEFLECTION
® HUMIDITY - ABSORBTION

©GR PAA, "CRACKED SITERLAYER FAR URE A MeGK DENSITY MULTILAYER PRWTED WHhNG BOANDS.
18TH RATIONAL SAUPE SYMPOSIUM 1716 APRN, 139)

the joint and that time to fajilure {s
the joint's fatigue 1ife. 1In the
lower left we are reminded that there
are fatigue factors in addition to

~ thermal cycling that include the rate
of change of temperature with time and
vibration cycling,

.

Fatigue fallures can occur in printed
wiring boards as well as in the elec-
tronic components themselves, The
method of attachinrg components to
printed wiring boards and the fabrica-
tion of the boards themselves can
create potential fatigue points,
Solder joints where leads are mounted
through the board can be susceptible
to fatigue failure, The complex
multilayer boards have many fatigue
fallure modes caused by temperature
cycling, vibration and board deflec-
tion, and absorption of fluid which
causes out of plane expansion.,
Industry ls aware of these factors as
indicated by the number of articles on
the subject in the technical litera-
ture,

DURABILITY

172}
>

E
3

—
TEMPERATURE CYCLES ONE SOURCE OF FATIGUE FARLURES
aoaTL
Yy = emm————e  [EADLESS CHIP CARRIER STRAIN EQUATION *
2n
4o = DIFFERENCE IN THERMAL COEFFICIENT OF EXPANSION

This viewgraph characterizas the
4T = CYCLCTEMPERATURE AaNGE effect of temperature cycles on lead-
L = OIAGONAL DISTANCE BETWEEN LEADS less chip carriers. The designer can
control the lifetime of the interface,
h = SOLDER JOINT THICKNESS SIN CURVE This will be explained in more detail

LOG Y;

et

e
n .‘:‘_m:E;‘/_ -1 SOLOER LOG N
f.C8.
o2 - N = CYCLES TO FAILURE

* MAGGE. ) R, “PREDICTING FATIGUE LIFE OF LEADLESS Coid CARMERS LSING THE MANSON.COFPIY
COUATIONS * SECOND ANUAL INTERNATIONAL PACKAGHG SOTIETY 17 NOVEMSER 1982

in the forthcoming videotape.
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DURABILITY A

SOARD DEFLECTIONS ONE SOUNCE OF FATIGUE FANLURES
VIBRATION STRESS DESIGN RULE

12
H = MAXIMUM ALLOWABLE DEFLECTION

IF H IS NOT EXCEEOED THEN ONE CAN EXPECT 10-20 MILLION EQUIVALENT
P RANDOM VIBRATION STRESS CYCLES SEFORE FAILURE.®

*STRWEERG, D.S.. “DE3I0H GUIDES FOR AaxDOW
BLICTROMC LOUPHENT 70 RANDOW VISAATLIOW 3. LOS ARGELES. CA. 7528 WaACK 1982

PACKAGING ELECTRONIC EQUIPNENT
FOR
SEVERE  ENVIROWHENTS

by

Dave S. Steinberg

ENVIRONMERTAL [NDUCED FAILURES

AFFOL-TR-71-35
GRUNLIAY

VIBRATION

20%

COST T0 AIR FORCE - $163 MILLION | YEAR
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The effect of vibration on printed
circuit boards has been studied and
there are ways to control the life of
& board in this environment as Mr.
David Steinburg will show us in the
following videotape.

* Study by Grumman

*Found a number of failures occur {n
avionics equipment

* Greatest number of failures due to
tempecature (related to materials -
coefficients of expansion, modules
of elasticity - not junction temper-
atures) and temperature cycling

* vibration and humidity also
accounted for a large percentage of
the failures
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©LEAD wiReEs

"TRANSNISSIBILITY @

AVOID FLUSH WOUNTED ELECTRONIC COMPONENTS
THERMAL EXPANSION GENERATES STRESSES IN SOLOER JOINTS

EXPAND!NG CONPOKENT

MOUNT %G TRANSFORNERS

VAVE
SOLDER

REFLOV
LAP

. SOLDER

MOST FAILURES ARE OUE T0 A SEVERE RESONANT CONDITION

===

E=ssam
EXPAKDINS PCB —

Temperature cycling: mismatch of
materials (high coefficifents of
expansion, high modules of
elasticity, low strain cellef or no
strain rellef) resules in high
stresses {n solder joint

Failures precipitated by temperature
cycling, coefficients of expansion
and high moduli of elasticicy
Failures show up in vibration
environment

Typical temperature cycling: 3
cycles/day

Typical vibration: 300 cycles/second

To reduce fallures generated in
temperature cycling: provide strain
relief for component lead wires
Example: encapsulated or potted
modules flush mounted to curcuit
catd - when clrcult vbovard and compo=-
nent module expand Lthere i{s no place
for force to go - cunseyuently,
solder joint cracks

viecration environment: siangle
blggest cause of failure |is
development of a severe resonance
Althouyli systums are very complex,
they can Lw represented by a single
degree of freedom system faicly
accurately

When systemns exhibit a resonance,
can have transmissibility of 5¢-«1090
Therefore, stresses will be 53-100
times greater than those at normal
g=-loading




STRESS CONCEATRATIONS

HoLES —_— s 3—
B '/ ~ ¢ yvibration orwi.trotmuxent:1 second
. biggest cause o ajlureis stress
HOTCHES m concentrations
. ’ * Here the stress riser may be 2 to 3
N or maybe even 4 - no where near the

50 or 109 that you can get in a
SHARP CORNERS &{ resonant condition

Stress concentrations must be

examined very cClosely

Insure there are no holes in

improperly located areas, no sharp

SHARP BENDS corners or no changes in cross
— sections

* Must be watched carefully to reduce
SHARP CHARGES 1N '
CROSS SECTIONS ’ D:

stresses and improve fatigue life {n
various dynamic enviranments

* Yystemas multiple degree of freedom
system
* Chassis: first degree of freedom
. becauseit receives dynamic energy
. fiese
. * Clrecuit cards: usually attached
’ . to chassis,receives energy second,
REDUCE FAILURES WITH THE USE OF THE OCTAYE RULE represent second deycee of freedom
o * Should be no coincident resonances
. between chassis and circuit card
. PCB (4004z2) because transmissibilities multiply,
\ i {.e., chassis Q=)0, circuit card
Q=l0, circult card receives
Q=13 X 10 =l9¢
* We must be able to design circuit
card to minimize dynamic stresses;
/-CHASSIS that means, controlling resonances
CHASSIS (20042 * We have to live withresonances
) ~— because it isn't possible to design
L 1 a resonant-free system for up to
FIXTURE e 5908 cycles (exciting frequencies up
t to 5000 cycles)
¢ Have to "tune® the system; example:

circuit card has resonance of 409

FIXTURE I Hz; to minimize the possibility of

coupling, the resonances need to be-

DOUBLE THE NATURAL FREQUENCY FOR EYERY ADDED DESREE OF FREEDOM separated by an octave; chassis

resonance will be 200 Hz (vibration
environment)
* Shock environment opposite end of
e ——— spsctrum; example: if curcuit card
has resonance of 4¢@¢ Hz, by the
reverse octave rule the chassis
resonance will be 800 Hz

HOUNTING LARGE COMPONENTS

* 48 pin DIP, 2 inches long, mounted
at the center of the clrcuit card
* AS the circuit card stresses during
resonant condition there is a large
amount of strain in the lead wires
L * In a 10-9 random vibration environ-
\ i ment,a 43 pin DIP on a & inch x“s
R ING inch circuit cacd will typically
PCB BENJING DURING RESONANCE last 50-69 seconds




PC8 DESIGH

FAILURES OCCUR jl COMPOMENT LEAD WIRES AND SOLDER JOINTS
OUE TO LARGE BYNANIC BISPLACEMERTS, WiTH POOR STRAIM RELIEF

RELATIVE
BISPLACENERT

PCB

PCB RENDING

)

DYNANIC ECUATIONS

Yras = _— e (D)

'3” - '_2_- .- (2}

Gras = ‘}g-bf"l) --=(3

a..u[?:_ . --- (¥

to approximate a circuit board:

though it is subjected to a sinusiodal or harmonic motion, Q is ¢t

in this environment
the fourth equation says that for a

transmissibllity at the resonant condition is the square root of the natural frequency (good

»

plug-in type of circuit card, a good approximation of the

Discrete components (resistors,
diodes, etc.)

wWill exhibit similar chacracteristics
to the 49 pin DIP in the previous
slide

As the circult card stresses,
component lead wires will flex and
bend

When there's enough stress and a
sufficient number of fatigue cycles,
a fajlure will occur

To quantify fallures and determine
how gystems will act

To determine fatigue life in various
environments

Simulate complex systems as a single
degree of freedom system (loses
accuracy, but willing to sacrifice
accuracy for expediency)

Analysisis accurate enough te “"keep
us out of trouble”

When the system has fair credibilicy
for mechanical design, "fine tune®

it with the use of a finite elament

computer program
Theequationsareforacircuit board
The first equation gives the root-
mean square (RMS) displacement in
the random vibration environment:
No* s the number of positive zero
crossings

The secord equation s empirical
equation based on years of testing
of actual hardware and obtaining
fallures witn different types of
environments; need to keep the maxi-
mum dynamic asingle amplitude
dlsplaccgent of the curcuit board to
09.293b/L4 (b is the length of the
circuit card parallel zo the compo-
nent, L is the length of the compo-~
nent)

* the third equation is the random response of a single degree of freedom syStem that we are using
D is the power spectral density, f. is the natural frequency as

he transmissibility experienced

tor

frequencies of 15@3-300 H2; below 188 Hz, Q is about 8.7 of the natural frequency and above 4909 Hz,
Q is 1.2 or 1.3 times the square root of the natural fregquency) o
the combination of these equafions is used to determine the natural frequency our System needs

to obtain a fatigue life of 12’ cycles




R I I S

DESIRED PCB RESONANT FRECUENCY (f,)

FOR 3 SIGMA ACCELERATIONS

§ 0.8

001 &

SANPLE PROBLEN

Byl
Lo |

NERREERERRRL

PLUG 1N PRINTED CIRCUIT BOARD (PCB)

1.8 () RIS 0.8

.01 (6.5)

fa = 349 Hz
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Equation cbtained when the previous
four equations are combined
Computes desired natural frequency
for 1@ million stress reversals in
the component lead wires

Used for random vibration
applications

8.0 X 6.5 inch circuit card
Components parallel to 6.5 inch side
of circuit card

49 pin Dual In-line Package (2 inch
Long)

Component mounted at center of
circuit card

Assume card is simply supported on
four edges; connector will act as a
hinge; side supports are typically
hinges unless they are wedge clamped
(wedge clamps give a very high
mechanical advantage such that the
boundary conditions are more hinged;
the ability to clamp is a function
of fregquency - the higher the
resonent freguency, the less
effective the wedge clamp becomes;
with frequency of 158 to 308 hz
range, wedge clamp can act as an
effective clamp)

Compute desired natural frequency of
arrangement on previous viewgraph
Use power spectral density of 2.04
g</Rz

D was obtained based on the NAVMAT
P~9492 stress screening test (also
known as the Willoughby screening
test) .

Now divide by .201 because the 3
sigma acceleration causes most of
the damage and must be considered;
the RMS and 2 sigma (2 X RMS) points
do little damage

A desired natural frequency of
approximately 353 Hz is rneeded to

.give us at least 1@ million stress

reversals in tne lead wires
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DURABILITY
' 2 DEFINITION: USEFUL LIFE - ABILITY OF AVIONICS TO FUNCTION AND
i - SUSTAIN STRESSES IN THE ENVIRONMENT WITH
ECONOMICAL MAINTENANCE
- STRESSES ENVIRONMENT MAINTENANCE
o « ELECTRICAL * OPERATIONAL * TESTABILITY
- * CHEMICAL * MAINTENANCE * ACCESSIBILITY The definition of durability is given
- here with further explanation of key
* MECHANICAL * STORAGE . * REPAIRABILITY wards in the definition. The do-lq‘n
. critecria and tools necessary to obtain
l ¢ THERMAL * SHIPPING * légg,',s&lﬁialun durabllity are also listed here.
* MANUFACTURING
DESIGN CRITERIA: TOOLS:
* FATIGUE LIFE * STRESS SCREENING
* CORROSION CONTROL o STATISTICAL QUALITY CONMTROL
o THERMAL MANAGEMENT + STRESS ANALYSIS
z + DERATING
A
DURABILITY L
OURABILITY PREDICTION If proper design criteria and produc-
& ANALYSIS tion tools are applied, the result {s
a "design for stress" and reduced
) Y :sz,‘&“n manufacturing defects, These reduce
. "‘W'Em\ o HUNIDITY the failure rate, (bathtub curve -
- 1 solid line {n graph) to the lowest
level (dotted line on graph). The
~ "3:"““'::5"-__———:——_> UFETIME longterm failures can be addressed
i L through a durablility prediction and
¢ - analysls and the longterm lifetime
I "‘EC“"“C"‘-(“"GUE’ (the rise on the dotted line) is
(o, STRESS SCREEN * CHEwcAL unmasked. The knowledge about the
N ' gTe. Y CONTROL longterm fajilures also reaults in a
1 synergistic effect if fedback into the
) . : i design and manufacturing activities.
i\ ;= SYSTEM DEPLOYMENT ——= 7 CHANGING Thus, improvement of the design and
- £\ ; | ¢ T USAGE manufacturing techniques is achievable
.- LN H through a more deterministic approach.
.- l'\._, ) .~°\ REPAIR
' R PP SR
- TIME
- , A3t

PHILOSOPHY &

Y
: TODAY FUTURE
- PROBABILISTIC DETERMINISTIC
. -3 o~
_ RELIABILITY DURABILITY
. > > What this leads to is a chan
! 9ing
RANIgM FAILURE L PHY%S OF FAILURE philosophy toward engineering design
4 and quality products. We are movin
. STATISTICAL ANALYSIS | i Vo / I STRESS ANALYSIS away from the probabilistic, sy:tcmg
- 'MBF. [ S S i UFE;;':THEUSAGE approach of today toward the
- ! deterministic, component approach of
- eSS GOALS | TREND % ENVIRONMENT tomorrow. rcene pproach ©
T | <>
- DESIGN CRITERIA
SYSTEM ) COMPONENT
APPROACH OESIGN
: 114
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RELIABILITY INTEGRITY
@ MONITORS SYSTEM FARLURES ® CONTROLS THE FAILURE PROCESS
« TOP DOWN * BOTTOM UP

* SYSTEM LEVEL v PAAT. 30ARD, BOX LEVEL
* RELIABILITY GOALS
* SYSTEM ALLOCATION

® PAOBABILISTIC

* DURABILITY DESIGN CRITERIA
¢ FATIGUE/FAILURE ANALYSIS
@ QETERMINISTIC

il

DEFINITION

2
’.’. ‘
&

F
Y

WHAT IS INTEGRITY?

AVIONICS INTEGRITY IS A DETERMINISTIC
APPROACH TO IMPROVE THE OPERATIONAL
CHARACTERISTICS OF AVIONICS
EQUIPMENTS.

DESIGN AND
MANUFACTURING

WHAT THEY MEAN
T0
FLEET READINESS

MR. 4. J. WILLOUGHSY, JR.

DEPUTY HIEF OF NAVAL MATERIAL FOR RMAQA

115

Showing this philosophy in a different
way we can see that these two
approaches can play together to pro-
duce a better quality system, The
MIL-HDBK-217D approach results in an
excellent preliminary subsystem design
from the reljability philosophy. The
bottom up, durability discipline can
then be applied to the detailed
Subsystem design.

Self-explanatory.

puring the following break you may
stay to watch a videotape of Mr.
Willis willoughby. He will tell us the
Navy's apptoach to handling the
avionics inteqrity problems.




MATERIAL ACQUISITION

FUNDAMENTALS * This is the route the Navy decided to
9o to achieve the operating life they
— —- ] wanted

Reliability is a function of stress;
1f hardware is overstcessed, it's not

® MISSION PROFILE OEFINITION reliable,
* Analytical tools listed here have one
® STRESS ANALYSIS purpose ~ to understand- the stress in
X the hardware,
® OERATING CRITERIA . * If the tools are used correctly and
rigorously, the data they produce is
©® WORST CASE ANALYSIS equaltoorbetter thansometest data.
* When using these tools, you aren't
® SNEAK CIRCUIT ANALYSIS designing the most reliable piece of
hardware.
@ PREDICTION/ALLOCATIONS * Military has no requirement for
long life equipment
@ FAILURE MODES & EFFECTS ANALYSIS * The bulk of hardware is medium
life reliability
© TEST, ANALYZE, & FIX WITH CLOSED LOOP REPORTING * There are analytical tools
avallable to design no failure
® DESIGN REVIEWS equipment (25 years, 35 years, etc)

* These analytical tools were chosen
because they are cost effective for
achieving medium life reljability

* Everything on the chart is done by the
contractor except the mission profile
definition,

e MISSION PROFILE QUALIFICATION TEST

The mission profile definition is the most important thing the program manager has to do.

* If done right, the contractor has been given everything he needs.

* If done wrong, the contractor has one hand tied behind his back.

* The rest of the list doesn't really matter if the mission profile definition is wrong.
Stresseanalysis is simple stress analysis that looks at the stress on the hardware.

Derating criteria is determined from results of stress analysis. (If you intend to keep any
equipment within certain stress profiles (determined in the stress analysis) it must be dgerated;
Worst case analysis is done to make sure nominal conditions (previous analytical tool) are in the
center of the analytical profile,

Sneak circuit analysis is the stress that occurs due to unwanted current paths. (Unwanted currenc
paths can be due to component failures, lifted bonds or switchology, interrelated paths that have
not been planned.)

Sneak circuit analysis shows you whether or not, in all cases, the current flow is as anticipated
and there aren't any potential points where a single failure point can c¢ause current to flow where
you don't want it.

This list must be done with discipline and rigor.

°\ JUNCT'ON TE‘)‘PERATURE iMPACT * Aclassic example of what you cangain

ON SEMICONDUCTOR RELIABILITY  , 2V 0tia®i0 junction cemperatures of

—~ 158°¢c and 799C, there is a 928@x
difference in rellability.
JUNCTION FAILURE RATE (MTBF) CUMULATIVE :MPACT * The Navy chose 119°C as a good
TEMPERATURE iMPROVEMENT FACTOR ON ANELIABILITY junction temperature,
AEDUCTION IMPAOVEMENT * For every 19°C vou derate the device,
— it TR, 201 you double its life.
e e * with semiconductors there 1s a
- - - tremendous opportunity to i{mprove the
e re oS> 1t operating life of the equipment by
paying close attention to junction
ure ———eyoc T 221 temperatures.
" * The world :s evolving to junctions
TG vemen 110°C Jgr Mnore 11 12X 200 X (next S-i@ years) and so, the most
important thing you can manage |is
T e 00 Doy, 241t junction tempueratures. (hybrid, chip,

and card level)

e —e e L 131
e e wre TR 104

e e rve EIIITED 104
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AFSC/ASD POLICY/REGULATION

MILITARY STANDARD

¢ MIL PRIME CONCEPT .
* TAILORED SOW LANGUAGE

DESIGNER'S
HANDBOOK

These are the documents which will set
forth what we need to do to improve
integrity (military standard), what to
do (designer's handbook), and who is
to do it (AFSC or ASD regulation}.
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AVIP METHOD W
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DIVIDES THE LIFE CYCLE INTO FIVE STAGES 3
P
© | - DESIGN INFORMATION n
® Il - PRELIMINARY SYSTEM DESIGN ’j
- self-explanatory.
® Ill - DESIGN, ANALYSIS & DEVELOPMENT
® IV . COMPLIANCE, PRODUCTION & CONTROL S
® V . FORCE MANAGEMENT — % B
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These two char%s lay out the AVIP s datre
process table into a flow diaqgram,
A\ cmcrien A\ oesce s vusnon Note that the numbers at the upper

left corner of the blocks refer to the

I activities which will be discussed

through the rest of this tutorial.
These activities will be indicated in .
the notes by the following notation: R
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DEFINE THE ENVIRONMENT ngl,

L1/
PEE. AT I\
- wr—— > \

MANUFACTURING MAINTENANCE STORAGEISWUHNG

T
- o

TEMPERATURE VIBRATION
DEW POINT LEVEL

TIME R FREQUENCY

ﬁ,\

SET DESIGN CRITERIATOOLS &?Q

- DETERMINISTIC CAITERIA -

® VIBRATION o DERATING

* BOARD DEFLECTION * JUNCTION TEMPERATURE
® UFETIME * POWER DISSIPATION

* THERMAL CYCLES + FANOUT

« VIBRATION DURATION * VOLTAGE
® CORAOSION o CURRENY  __  __ .
* ESD/EQS
@ FAULT DETECTION
® SAFETY

- DEFINE TOOLS - T
® STRESS SCREENING ® STRESS ANALYSIS
® QUALITY CONTROL
_

ANALYZE THE ENVIRONMENT

ENVIRONMENT

STRESS LEVELS:
CHEMICAL
MECHANICAL -——— —— - ———
THERMAL
ELECTRICAL

PARTS BOARDS BOXES WIRING
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ACTIV 1

The government must define the total
environment for the integrator or
manufacturer.

ACTIV #1

The government would establish the
design criteria and point out the
array of tools available to the manu-
facturer for use throughout the manu-
facturing process. Some of the design
criteria and tools are listed here.
Two key design criteria are the number
of vibration cycles and the number of
thermal cycles,

ACTIV B3

Next the manufaccturer takes the more
general requirements of the design
criteria as set forth in the Reguest
for Proposal (RFP) and establishes the
specific environmental factors which
his equipment will need to face in the
field.

iobed ot
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3. ENVIRCHIENTAL ASSESSHENT s

A PRI A M date Sy IR S E e e

_/—ﬂ—ﬂ__
e ————
O TEMPERATURE. HIGH & LOW

03 THERLIAL SHOCKAT

[ MECHANICAL SHOCX

1 VIBRATION (RANDO?M & SINE)
O HUDITY

® MISSION PROFILE

® MAINTENANCE CONCEPT

® DEPLOYMENT STRATEGY

FROM 0 SALT ATMGSPHERE, SPRAY
AIR FORCE O ELECTROMAGIETIC RADIATION
- O NUCLEAR COSAIC RADIATION
(e O SAND & DUST
K= Y . D LOW PRESSURE (ALTITUDE)
d O ELECTRICAL TRANSIENTS

[ HUMAN FACTORS
O MAINTENANCE
[= 83

FROM
AIRFRAME
PRIME

» ARFRAME DATA

N

B -

oy St g

# ACTIV #3
The integrator must then analyze the

P’ environment and determine the stresses
auhlch all the electronic equipment
R must face.

i

[
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'o‘.‘l- Euu’nnﬂn‘«idli"‘:}- . n

OBV

s

A

1100
1000 l!.
REMOVAL EXPERIENCE VS AIRCRAFT
b ARN-118
800
< 700
2
Z 600 -
500
400
300
F-111 8-52 KC-138% T-39 C-141
A-T A-10 T-38 c-130
AIRCAAFT

UACTIV
!!This graph shows the importance of
Hegstablishing and analyzing the
Jenvironment. The different alrcraft
QICnvironmonts oen this graph yield
ifd{fferent removal rates of the ARN-11l8
TACAN, This common {tem possesses a
Jwide range of durability when exposed
ffto different environments,
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METHOD

MASTER PLAN
o PREPARED BY MANUFACTURER
® DESCRIPTION OF APPROACH TO SATISFY INTEGRITY REQUIREMENTS
® SUBMITTED WITH PROPOSAL

@ INCLUOES:
+ STRESS ANALYSIS * FAILURE DIAGNOSIS
« FATIGUE
- CORROSION
* THERMAL MANAGEMENT ¢ TESTABILITY
* DERATING * STRESS SCREENING

e CONTRACTUAL

ACTIV #6

The master plan {s most important in
helping us to assure a qQuality
product. It is submitted alonqg with
the proposal and becomes a patt of the
contract. It allows the manufacturer
to tailor the inteqrity program to
meect the reguirements and £it his

business structure.
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o
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METHOD

THE APPROACH TAKEN IN THE MASTER PLAN MUST REPRESENT A
REALISTIC BALANCE OF CONSTRAINTS:

ety
10. STRESS ANALYSIS
MOISTURE
r 4 .
Q @ & viamation L
TEMPERATURE ﬂ
® STRESS. PMYSICAL OR ELECTRICAL FORCE IMPOSED UPON A PART A
* CHEMICAL - MOISTURE, WASM SOLUTIONS. CONTAMINANTS H
© MECHANICAL . VIBRATION. SHOCK, TEMPERATURE E
* ELECTRICAL - VOLTAGE TRANSIENTS, ELECTROMAGNETIC 1
INTERFERENCE "

KNOWLEDGE OF THE ENVIRONMENT

ffi SUBSYSTEM i
. & Su - f

~Jz ® MODULE :

® STRESS ANALYSIS: PREDICTING MAXIMUM STRESSES BASED ON g .

L]
;2
5
DS S ey - e g Pt IR

DESIGN FOR THE STRESS

TRADE STUDIES CONSIDERING ALTEANATIVES
COMPUTER AIDED DESIGN TOOLS
* CIRCUIT BOARD LAYOQUT
- TEMPERATURE
- VIBRATION
FAILURE MQOES EFFECTS CRITICALITY ANALYSIS (FMECA)
® PREDICTIONIANALYSIS
» THERMAL
* VIBRATION

ENVIRONWENT

SLUE PRINT
:lt':::t'v'lg'v‘uu VL =) Q ) '
prreperera v
HARDWARE
9 DES1aN
ey S l
]
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ACTIV §6

The master plan, then, helps to assure
that we have a balance between perfor-
mance, cost, schedule, and integrity.

ACTIV #1@

Stress analysis is very important. We
need to define the expected stresses
based on the environment, From this
we can predict the expected lifetime
of the pacticular plece of equipment.

ACTIV #11
with this stress analysis we can then

design for the stress.

’
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ELECTRONIC EQUIPMENT
THERMAL MANAGEMENT

OUTLINE

ACTIV #11
Mc. Robert Berger will now tell us

abaout designing electronic equipment
for thermal stress.

e PROBLEM OVERVIEW
® PROBLEM IDENTIFICATION

® PROPOSED SOLUTION

0 OUTLINE - WILL PAOVIDE SOME BACKGAOUND, IDENTIFY TuE PROBLES
VE ARE TRYING TO RESOLVE AND PROPOSE A PROGAMA 1O RESILVE THE
PROBLER. -

e v v . Am = e s e A e e ———

BACKGROUND

- e

© THERMAL MANAGEMENT SURVEY
© SYSTEMS APPROACH TO THERMAL MANAGEMENT
© INTRODUCED THERMAL MANAGEMENT CONTROL PROGRAM

© INTRODUCE ELECTRONIC EQUIPMENT THERMAL MGMT PROGRAM

AUG 81

AUG 82

JULB3

JAN 84
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LIFE CYCLE COST BREAKDOWN
'w SYSTEM WEAPON SYSTEM
ACOUISITION COST LOGISTIC SUPPORT COST

0 THE AVIONICS ACCOUNTS FOR ABOUT A THIRD OF A MEAPORS SYSTEMS
ACOUISITION COST AND ABGUT A THING OF TMAT SYSTEMS L(C. EVEN MINOR
IAPROVEMENTS W AVIOKICS RELIABILITY OR LOMER LCCs CAN BE SiGNI-

FIOANT .
@ y  AVIONICS RELIABILITY DEPENDS ON TEMPERATURE
. VA =
1}

-
<3

TYPICAL

{
TR
ranvmes W’/\a-mzz concun . THE RELIABILITY OF MY ELECTAONIC PAATS 1S A FURCTION
1 . OF OPERATING TENPEMTURE. SOPE PANTS ARE [WPACTED PORE ThAW OTHERS
B TEPERATURES.

==
L

. e 200
SJUNCTION TEMPERATURE-SC

\

o o e o
e e ey = Je e e o

.&; REASON FOR COOLING

e MEET MINIMUM FUNCTIONAL
PERFORMANCE

9 CO0LING 1S USED TO ATTERPT TO CONTROL PART TEMPERATURES.

e MEET MINIMUM RELIABILITY )
REQUIREMENTS
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TYPICAL AIR COOLED AVIONIC UNIT

IDENTICAL PARTS AND HEAT DISSIPATIONS

CURRENT “600D" DESIGN

e DETERMINE PART OPERATING
TEMPERATURES

e LOOK FOR “HOT SPOTS”

e LOOK FOR PART TEMPERATURES>105° C
" @ REDESIGN TO MEET ABOVE CRITERIA

e ENTER “TEST-ANALYZE-FIX” DO-LOOP

CURRENT THERMAL PRACTICE

\“-!nl_ CMILA COMPON &1 :: LL
[ / 4
TARYm S /,/@
i 1 e 7
H : / Gg//
07 p—a l
L MLARRITY CRTRAL COMPONE NE " :

w ) "e
ANSCTION 11 2Pt RATOM S

@ EVEN WITH IDENTICAL PARTS MITH EQUAL MEAT LOADS, THE OPERATING
TENPERATURES DEPEND VEAVILY ON PART LOCATIONS AND COOLING PROVISIONS.

€ GENESAL INUINIES INDICATER THAT THE STATE-OF-THE-ART AVIONICS
EQUIPPENT DESTGN APPROACHES CONSISTED PRIMARILY OF THE FOLLOWING
PRACYICES.

§  APPLYING THIS APPROACH TO THE FOLLOMING SAMWPLE CIRCUST BOARD WITH
TWO DIFFERENT COMPOMENTS WITR FAILURE RATES DEFINED BV CURVE °A® AND
“B° AS A FURCTION OF JUNCTION TEMPERATURE. ANALYSIS OF TENPERATURES
VERSES RELIABILITY INDICATES TWO SEPARATE CRITICAL COMPONENTS.
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L]
H H
€ 80°C 120C %0°C E
A A 8 A A
T Ax.196 .18 25 T
s |
N sc 100°C s0°C "
8 A B
N R 3 RY N
K K
CASE ): BASELINE DESIGN WITH A ,¢¢ = 1.331
Ll
1]

H H
£ 100°C 100°C 30°C 3
A 8 A A A
T A= .16 43 285 T
s

X 80°C 100°C 30°C ?

8 A ]

N 13 43 A8 N
K K

CASE It: MEET 110°CLIMIT- A .. INCREASED 15%

H H
E 80°C 120°C 30°C €
A A B A A
T A= .196 19 245 T
s s
| 90°C 90°C 30°C \
A B 8
N 248 X7 A N
K K

CASE ill: CONCENTRATE ONRDRIVER - A ,, . DECREASED 13%

W—— T T T I T O

8 CASE | -~ ASSUMING A SERTES CIRCUIT, CALCATE A BASELINC
FATLURE RATE ) OF 1.331. NOTE IF ME APPLY GOOD DESIGN PRACTICE
DERATING REQUIREMENTS, *B® AT 120°C EXCEEDS 110°C LImITS AND,
THEREFORE, REDESIGN IS IN ORDER. SWITCHING “B® AT 120°C WITH °A°
AT 80°C MEETS CRITERIA.

O CASE Il - [NDICATES MEETING DERATING REQUIREPENTS DEGRADLS
RELIABILITY BY 152 1N THIS CASE BECAUSE CRITERIA MAS 1O MIKIAIZE
TEMPERATURE RATMER THAN MAXIMIZING RELIABILITY.

® CASE Il - INDICATES WEED TO USE RELIABILITY AS DESIGN CRITERIA.
NOT TEAPERATURE. °A” AT 100°C WAS RELIABILITY DRIVER. If "A° AT 100°C
15 SWITCHTD W1TH "BE* AT £0°C, TWERE 1S A 133 [MPROVEMENT [N RELIABILITY.
USING RELIABILITY nOW AS THE DESIGN CRITERIA, THERE ARE TWO COMPOMERTS
WHICH ARE THE RELIABILITY DRIVERS, THE TWO COMPONENT *A°s AT 90°C.




" .‘.

L}
H H
E 80°C 120°C 0°C E
A A B A A
Azl .

T =.1% 19 123 T
S

I ”:C 90°C 90°C ?

A B B

N 120 A4 1 N
K K

CASE IV: FURTHER DERATE R DRIVER (A")- ) sasg DECREASE 21%

THISLEADS US TO THE DEFINITION OF THE PROBLEA.

THE PROBLEM

o SYSTEM LEVEL -
« COOLING NOT ALLOCATED TO:
. MAXIMIZE AJIC RELIABILITY (R)
- MINIMIZE AIC LIFE CYCLE COST (LCC)

e AVIONICS SUBSYSTEM LEVEL - }

. AVIONICS DESIGN IS NOT QPTIMIZED FOR R
AND LCC

- RELIABILITY INCORPORATED BY “TEST -
ANALYZE - FIX”

» DURING CONCEPTUAL AND VALIDATION PHASES:

]
O CASE IV - SHOWS TME INPACT OF *SELECTIVE DERATING WMERE "A}*
1S SUBSTITUTED FOR “A® AND THE BASELINE RELIABILITY IS 1MPRUVED BY
3. LCC STUDIES STILL MEED 10 BE CONDUCTED 10 SEE IF THIS IWPROVE-

PENT IS COST EFFECTIVE AND, TMEREFORE, ALL DESIGN CRANGES NEED 70
BE EVALUATED (N TERMS OF LCC.

DEFIATION: THERMAL MANAGEMENT CONTROL (TMC)

THE THERMAL INTEGRATION OF THE ECS
AND THE ELECTRONIC EQUIPMENT TO
OPTIMIZE SYSTEM RELIABILITY (ﬁ) AND

MINIMIZE SYSTEM LIFE CYCLE COST (LCC)

& THIS PROBLEM CAN BE EFFICIENTLY ADDRESSED THROUGH THE TAC
PROGRAM.
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THERMAL MANAGEMENT CONTROL PROGRAM

AIFRAME SYSTEM
© CONDUCT TIC PROGAAM
© SYSTEM LCC vs COOUING
© COOLING ALLOCATION ANAL.

| i

ELECTRONIC EQuiP
- SUBSYSIEM EWVIR CONTROL SUBSYSTEM
© CONDUCT EETM PROG © TRADE STUDIES
* TRADE STUDNES . ] © OESIGM ANALYSES
© DESIGN ANALYSES ® LCC vs COOUNG
* LCC vz COOLING

AVIONICS DEVELOPMENT PROCESS

»
DESIG PNASES VERIFICATION AIC INTEGRATION
AY. TH PROG. | uAusicaTion [, | FELD opeRATION
. TESTING TMC PROGRAM
PROGRAM STATUS

® A.F. AVIONICS INSTALLATION STO - INCORPORATED
© CHANGES TO MIL-STD-7858 - IN PROCESS
® DATA ITEMS FOR MIL-STD-785B - IN PROCESS

¢ PROGRAM DISSEMINATION - UNDERWAY

AP

et e N,
RO A AT R T N AN A
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¢ I COVERS ACTIVITIES AT BOTH THE SYSTEM LEVEL AS MELL AS THE
SUBSYSTEM LEVEL.

®  THE INTENT 1S TO DESIGN [N RELIABILITY AS A FART OF THE INITIAL
LAYOUT AND PACKAGING DESIGN RATHER THAM RELYING STRICTLY OM THE TESI-
ARALYZE-FIX APPROACH. THIS IN NO WAY 1S INTENDED TO REPUMCE ANY OF
THE PROVEN PETHODS OF IMPROVING A PRODUCT’S RELIABILITY BUT 10 SUPPLE-
PENT THESE METHODS AND HELP TO PRODUCE AX OVERALL BETTER PRODUCT 1N
THE EMD.

@ CURRENTLY THE TMC PROGRAR IS BEING INPLIMENTED UNDER VARIOUS
PROGRAMS |NCLUDING THE AVIP. THE FLOOR 1S OPEN FOR QUESTIONS.
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ACTIV #11
Now, Mr. John Kaufhold will discuss
designing avionic equipment toavold
corcosion.

Roughly J5% of avionics fatlures
cun be traced to the effects of cor-
rfosion on the ltems. The corrosion
ts caused by the interaction of the
aanvironment with g) materials that
ate not dewigned to withstand the
environmen . b) contaminations on the
surfaces that interact to make cor-
rosive agents chat then fnteract to
destroy the macerial fntegrity of the
item, and c) poor engineering desiyns
that provide for the accumulstion of
corrosive compounds.

We have seen corroston of connec-
tor backahells due to tacompatidilicy
between the bsse metal and the top-
plating spplied. A good tustance ot
this fs c¢luctroless nickel placing on
aluainum 43 can be shown by Slide 2.

All services have experienced this
problem. Yet tha solution~
elimination of nickel coating on alu~
afnus {s a0t torttheoming. 1t is
often reintorced because ot honest
efforts to assemble and use o proccss
docusent that looks goud yet deues not
work well ta ftelded equipment. An
exsaple 1s the SAE Aectuspacs
Reconmended Practiase ARP l4Bl up=
pruved in November 198], less thun
six sonthy sgo. (Slide J). This
document sliows that nlckel on ulumi~
nua [ compatible. Lt (s the use of
docuaents like these, without knowing
the environaent they will be used in,
fhat gets us {ntd trouble.
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MOISTURE AND
CORROSIVE VAPORS WILL
GET IN AND ON ALL NON-

HERMETICALLY SEALED  AVIONIC
EQUIPMENT IN DOD SERVICE.

/ CUSTEE S LT DYEACS
/ CUAPTER 5 ELECTRICAL/ELECTRONC FILNOMERA
/ CNAPTER ¢ TRANSPLANTED EMTH CIVIROMMENTY

CHAPTER 1 ALRDIPACE MATIRIALY

CRAPTER 7 AEROSPACE SYSTEN EAVIROMMENTS

CHAPTER | GENERAL .‘\
i
AFSC DH 1-5 § }
ENVIRONIIENTAL i
3 |
ENGINEZRING .
FIRST EDITION b
10 MARCH 1960 ll .
!
1
|
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To emphasize the impact that the
environment has ou equipment we have
whatl we call enviroomental design
theotea Nu. | (Slide 2). That fs:
“Molwture and cotcrosive vapars will
get in and on all non-hermetically
sedled dvivnic equipaent ta DOD
service.” Thie condition {s espe-
clally critical when you realize chat
virtually all Afr Force alrcraft em-
ploys some form of ram=air cooling
aad the basic ambient enviroanment
{mpacts on much of the equipmenc.
Until alternate environmental control
systems are used, we will be subject
to the problem of environuental
Theoren No. 1l on all our avicaics.
The threat of chemical ageats beting
used during war {s dlso serious.
They break down to form corrosive
compounds to complicate our desizn
for corrosion resistance.

We resalize we have a problem -
what tools dre available to use to
reduce or eliminace the problem?
AFSC Design liandbook 1=-5 Environaen-—
tal Engloeering (Slide 5) has been
avatlable since 1968, yet tt {s not
used or calied out for use on our
contraces and svstem specitications.
It addresses all systems and environ-
zents, frea ground tu space, and
corrusion preveation and control with
tespect to the enviroument.




DESIGN GUIDELINES
FOR PREVENTION
AND CONTROL OF
AVIONIC CORROSION

AVIONIC DESIGN RELATED TO
FLEET ENVIRONMENT

NAVMAT P 48552

TABLE $-2 TNE 00" OF EOUIPMENT DESION

~00s"
o Design on 1N asaumptron thal maisture and Muid will D8 prosent in the antrame sng
quipment
®  Seal 8l drspimiye meral (33ivamct couples
®  Use darazylylene a3 a contarmar caaling on orinled wiring Soards
o Use 37 sasily reniaceadie anodic (CORSUMADIR) Dart In 3ssambiag grounding or banding
connechions
@ Electicaily '901aie Jraphita COMpAsIE MATR- A1 rom JVIOME E0uID™ENl
*  Use gnly tlectnical cannecior Bools (hal Can Be seaied with aahesives
o Caretully setect 3 protective svstem for use 39 ™agesum
»  Compigte the working of aluminum arithing, suthag. g+ ~ding) prioe 10 surlace treatment.
@ Use surtace treatrents (Jnedize and CONVETSION 20aT"81 49 JtuMirum
*  Carelully select tne metai prating used (g Drovide SaCr.Niz 3l drcteclion Tarner crotection a3
2 thirg Metal Detween taG BINerwISe IPCOMDALBIE Mevais. Of a8 & SUBIDIUTY surface.
®  Use g mchel stnke unger 3010 030G
®  Use taider Nuz with 1west acsudue 3cHd Contert .
o Use mEaINC Patenials wih thg mogl CATTOSION reSSIaM CONNQUIALIS (pastvated) wih
TAKRUM 003018 rasydual streseng
@ Use fluorecarnen or (uorosdicons (ype matend's lor cashety. “07 nngs and seas.
*  Seal conductive and EMI gasuety aga'nsl MOisture! tuid intrusien
*  Use low 200 draig.
o Mount EQUIOMEnt And campanants 31 i3t ) inCh JOOVA Datentidl standing water lavel
& Use hermenc sesiing ahere paseXe
®  Use ocivsuiligs Sesrants 19 seal Aen- 9! o e ud "
sosubie
®  Use [ansparent iclear) conforral cedrq
«  Placs amirent pressurg sensing comoonents auisde equipmvent hounirgy
o Des:gn '0r Mir3ina0. iy
®  Use shoe 0ot hds.
a  Mount TVES vertigaity wh thg sgge connectors on vertical edge a¢ 3ac of deard
®  Mount siectrical conreciors herizantaily
o Use dno 7003 oA eisclacal cadies
o Use CESCLINt SySiems wiih v-suM O CRIArY.
o Use cootirg systemy tnat ramove meisture and Jarticutaie matter
o Use 07 ringy 1g seat arnund coneBl ARaite (Nal must pesstrate 31 encicsure
o B2 awdr® 5! vaNQus i1113Me ota 8 IAG euienar gy
»  Use MIECInCal cONneC are aith carv-ang-Lotlie interiac:al seals.
«  Pretect 3Gainst insutat ve 1ims
. e
o fecognize the mainigsante srvironmast
o By aware of fieet mamienance qencsiures A6g Materals
o Gat e flael maatenance iecameidn s input
o Lister 12 'eredace!
TABLE 5.3 THE -DONTe" OF EQUIPMENT DESIGN
“0ON'Ts”
o Dend Ut TaarM matal GivamK ] COUPIES 1 1 CIn DO dvoded.
*  Qaaluse ATV 1Rt COnlan » aCeig 4C0
o Bont BB Qraghiie in OALACH AR AN OF a0y SULCIural MELM.
o Oon b ubE Aeal $hr.m 1NGN-50R180) £ECIIC I CONNICII BOOIS 10 $ISP MOISIWE Huid intrusion.
o Oen) Mate MAGNASIM 10 & Muta #.8 CARGAS INAN alsMifum
0 3ea 1 u0 Borytk ATV Ui var s 1y LDNSONNAL COALNGS
o Cani va® §o13 SsBt SUVEI Of COIPH
o 0081 us® 3ryani 7 Slerd's (a1 Quiyes BuUPPATl DgI 4CSOTD MOISIuTS OF 818 Aegraded Oy
M Nenancs o0d JD8rBLENA! wiGY
o OeAt w38 BIve CuLper OF FrAghe (MOIRGNAted Miltenail lor Canduclive of EVI gasners
o Demi vi4 109 Mmuunted g Iasteners
o Qeal maunt MW Nononlaly
o J0A L MAWAL S1RLITCB! Sunneclions (MutliCONtCE OF COBRIBI) vertiCally,
o Dant DISCA #Gge SONNECLOrE 01 (hG DGHIOM aUye 01 & varncary PWE
i o Jem i CI04e $:0 GAQ O CAOIE WANGN ON (N LRAT Se4t Gl SACHICM COMMIRION.
*  Dod 1 uld Qi aCt Bl COONNQ ON BCLVE ROCHTONIC CLMBCNIMS
*  Cont TOuDt WAAS WSS (Ran 7 nch ADOVE IRe CSmpaniment f10oY.
o el w38 Ny I8000IC MALErAlY
®  Coal .38 rishel 2100 BESINCI CONNRCTIr Shafty.
* 2001 w30 '0AM CuBhiOnng Nalenais INBE CAN JNNLIGLATE IEdvert)
® Dot oarmit Ing presence of waler lap e

Do we have any specific military
specification of standard chat ad-
dresses corrosion prevention and con-
trol {n the Jewign of avionics wequip-
sant? NO. Uround support equipoent
has MIL-STD-dUBA. Alrcrafc heve Mil=
STD-1568 and 1587. OUnce deployed, ve
have logistic techuical orders. No
standard exlets for the design. All
services have this problem with elec=
tronics. The Navy has it especially
bad becduse of the installation of
altcraft on low freeboard ships, for
example destcoyecd, dand salt air and
water around them in o hemjapherical
pattern when oan sed mancuvers, tor
cxample, on a carrier. They have
inscituted 4 program where they have
taken all their lessons learned and
fncorporated thea into a docuaent to

be used during development of new
system aviontcs. The document {s
NAVMAT, P 485>-2, titled: “Desiyn
Guldellioes for Prevention «nd vontrol
of Avionic Currosion” (Slide b).
They require the use of the document
in che contrdct scatement of work and
asvess the design agatnsc the cri-
teris speciffed therefn. Since the
document is “guidelines”, the design
critecria ts vhown as & list of "do's”
aad “don'ta”. To give you some idea
of che formac, the next two view=—
graphs (Slide 7) ~ 0DO's and (Sltde 8)
- DON'Ts are taken from the NAVMAT
Jdocument.
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ANATOMY OF AN ELECTRONIC BLACK BOX

1. MAKE SURE BOX CAN BREATHE IF NOT HERMETICALLY

SEALED.

2. INSERT PRINTED CIRCUIT BOARDS IN THE VERTICAL POSITION.

3. LOCATE ELECTRICAL FEED-THRU CONNECTORS ON THE SIDE.

W W WV, e ——

T e —

The ocher secrvices also have

sircraft {n cheir inventory with
avionics thet have the saze problems.

The US Army Development sud Readiness
Command have taken Chelr leswonw

learned aad lncorporated chem 1nto a
package called the "Anatumy of an
Electronic Black Box."

The Viewgraph

(Slide ®) shown here was raken bodiiy
from the Army landbook that supple~

ments the Prevention of Material

Deterioration: Corrosion Control
Course preseated by the Logtstics

-Enginedring Directordte at Rock

lsland, Illtnotly.

4. LOCATE CARD CONNECTORS ON SIDE OR BACK. NOT ON THE

BOTTOM.

S. USE SIMILAR METALS ON CARD CONNECTORS AND PRINTED

CIRCUIT BOARD CONTACTS.

6. DO NOT USE MATERIALS THAT MAY EMIT CORROSIVE YAPORS.

The bawic elements shown are also
diseributed within the NAVMAT "Do's”
and "Don'ts” lists. Because of the
{mportance of these criteria, a short
review of the ratiunale for thes is
watrranted:

1. 1f the box cannot breathe and
1a nut hermecically sesled (hermetic
means gastight), thermal cycling of
aoisture laden afc will allow water
1n but not out. Water will accumu-
lace and f11l the box. lonic cou-
tamindanty inside, efther carried in
by the gas or left as a result of the
process, will become clectrolytes
that cause shott clircult pathe as the
watet level butlus. The box functlon
will be degradeq or lost.

2. Moisture {nside the box will
condense due to thermal cycling. 1f
cthe buatdys lie fiat, water droplecs
caft cuudeuse 4uross clrcult pachs.
1f tue boacrds dre vertical, the con-
deunsdtion will cun off. Also the
heat generacted tnrough cuaponent up—
etation will csuse thermal currence
that can self Jdry cthe boards.

3. reed through connectors lo-
Cated on the bortom can have thelr
resr surfacee v¢qual to horfzantal
boards. Moisture can coudense and
flow into the recesses where the pins
are. It can alao sewp Jdown by the
wiresleeving where it goes into the
connector yrommet. Electrolytic
solutions wili tnevitably reacn the
electrizally active pin surfsces and
short across clrcuit paths and cause
failure of the box.

7. SEPARATE TO THE MAXIMUM EXTENT

POSSIBLE POWER, RETURN, AND GROUND

LEADS IN CONNECTPRS AND PRINTED
WIRING CIRCUITS.

8. MINIMIZE THE USE OF MAGNESIUM

AND COPPER BEARING ALUMINUM FOR .

THE BASE

STRUCTURE OF AVIONICS

9. ASSURE THAT ALL NON-HERMETICALLY
SEALED AVIONICS BOXES HAVE DRAIN

HOLES.

o, Locating card connectors as
(ndicated will eliminate che posafbi-
ity of the bathtub uffect of water
covering the connectors and causlay
shorts. Becduse of the contlguration
of the card connectors, when buttom
@ounted, the rear active wuridces
have the same effect as a hortcontal
board and are eubject to the wame
conditions as {tum 2 of the previous
viewgcuph,

5. Dissimilar metals are a seri=
ous cause of corrosion and the loss
of clestrical continulty in avianics
and electronic systems becuuse of the
{oherent resctivity in the presence
of 4n electrolyte. Use of similar
setals will alleviate the probleam.

6. The mwst commonly used wirte
sleeviug (s polyvinyl chloride. It
is cheap and in 4 benign anvironment
it {s effective. llowever, when sub-
Ject to heat, (¢t decompowes to re-
lease hydrugen chlortde gas.
Chlortdey are the most comaonly round
¢ontaminant on avionicy equinwent.
Whea hydrogen chloctde mixes with
water, it foras hydgruvchloctc acld
which {n an enclused euvirsnmear wili
atlack every open zetal used 1a
avioale systems and cause them to
corrode. The corfrosive by-products
<én become Jielectrics that cause
open circults ot bridge acrous cir-
cult paths to cause shorta. Both
cawed cauve loss of function on the
8lack Box.

7. This element 18 necessary be-
cduge certain solder cunditions
Cduse dendrites to uvccur and bridge
circutt paths. If the power paths
are ad jacent to euch other, shortas
will occur with very little dendrite
growth and destroy the power feed
path or connector powver feed pin.
This situation i3 also present if an
electrulyte droplec falls across two
ad jacent power leads. Using this
criteria will require much greater
amounts of dendrites or electrolytes
for the shorts to accut. The amount
Tequired may never be redched if this
deslygn criteria 18 used.

8, Magnesluw and copper bearing
alustioue i3 used where llightweight
4nd high etrength are desired. The
higher che wirength of these alloys,
the more they are suseceptible to
corruston. Avionic structurus 4o aot
nwormally vved to be supec high
strengyth or superlight.

9. Remember ltum | wuld Jdesign
the box to breathe. A .bcx can
Oreatnh L L has louvers high up.

YeL (t can still hyve a bathtub
effect (f thete i3 no solution out=
lat. Collecttlon of watar will create
the carrier for cotrosive electrolyte
formation. The dratn 1s “hereiore
Tequired.




THE ANATOMY OF AN ADEQUATE DRAIN HOLE

3.

4,

DRAIN HOLE MUST BE LOCATED IN THE LOWEST
PORTION OF THE AREA TO BE DRAINED. *

DRAIN HOLE MUST BE LARGE ENOUGH FQR WATER
TO RUN OUT.

DRAIN HOLE MUST BE LARGE ENOUGH TO ALLOW.
DEBRIS TO BE REMOVED WITH THE WATER.

DRAIN HOLE MUST BE LARGE ENOUGH TO ALLOW
A PROTECTIVE COATING TO BE APPLIED TO
THE WALLS OF THE DRAIN HOLE.

WHAT ARE WE DOING - ENA

Developing corrosion pve.venlion and control
requirements for the Avionics Integrity
MILPRIME standard.

Identifying state-of-the-art materials and
packaging configurations to be included
in the MILPRIME handbook.

Addressing the EMI compatibility and

corrosion prevention simultaneous requirements
with the AFWAL/ML program.

ADD!TIONAL SUGGESTIONS

¢ ADD SPECIFIC GUIDELINES TO RFPs

o EVALUATE- PROPOSALS IN SOURCE-SELECTION
AGAINST THE GUIDELINES

* ASSIGN CORROSION TRAINRED AVIONICS
ENGINEERS TO CPABs

¢ PROVIDE THE AFALC TAILORED CORROSION
AND PREVENTION LESSONS LEARNED
PACKAGE AS PART OF THE RFP PACKAGE

N T

Decaude of the fmporidnce of o
dratn hole, & corcrectly designed one
{s required to perform ae intended.
Therefore, from the same Atray handour
we have the “Austumy of & Dratatiole”

(Viewgrsph 11).  The following
rationsle shows the importance of
paying atteation Co decall on some-
thing viten pecceived 48 Dunddne.
The key is understanding che
materials properties of the elements
that interact to affect the opera~
tion of a dralahole.

1. 1If the dratshole 18 not in
the lowest portion, the "bachtub
effect™ will still occur and electri-
cal components {n the box will become
subject to caorresion and short cir=
cuirs. The atcitude of the box 1o
both flight and ground storage must
be considered when locating the
drafin hole(s).

2. 1f the drain hole is too
small, the surface tension of the en<
trapped fluid will not allow it co
Flow out and the "bathtub effect”
will be reinforced.

3. If cthe hole f# too smail,
corrosive by products developed may
plug the hole and create the bathtud
effect.

4. 1f the drafn hole i3 not pro-
tected, the electrolyte can cause
the development of corcosion by=-
products that reduce the drain hole
dlametetr and subsequently plug the
drain hole or reduce it such that
sucface tensian of entrapped ligquid
allows the bachtub effect to occur
and cause shoccs (n the box. This
development of the drain hale pro-
vides an example of the thought pro-
cess and attention to detall that fs
required for gelection of matertsls,
design, 4nd engtineering procesaes
requited to develop avionlc gystems
thut ameet Alr torce missfon requite-
wencs.

what are we dolng at ASD to tu-
still corrosion resistance ln our
avionlcs! We are addressing LC a8 o
requirement in the Avionics [ateyrity
Progrea by tncurporating it as shown
(Viewgluph 1), OE particular
taterest 8 the laat bullac because
of uppareatly sonfliceiag Feyulfes
seute of prescat dedlgne. This is
{llewtreted by the electraless ulckel
example teferenced eatlier {n zhe
pruneutdllun.

——"




CORROSION CONTROL FOR AVIONICS

-~ Who to contact

ASD MONITOR FIR THE USAF CORROSICN PROGRAY
S ICHN CCOCWAY  ASD/ENFSS  SSW71

EXNA FOCAL POINT FCR AVIONICS CORRCS[0Y CSNTROL
JORN YAUFHOLD  ASI/ETAS/AVIP 53369

AFWAL TECHNICAL MANAGER FCR CORROSICH COWTROL
BENNIE COHEW  AFWAL/MSA 55108

AFWAL AVICNIC CIRROSIGN PAOBLEPS
GECRGE SLINSKI  WFaAL/MSA 53897

VERIFY DESIGN

® ANALYSIS
* DRAWING VERIFICATION
® TEST

¢ EFFECTIVE IN PRECIPITATING OUT FAULTS BEFORE THE
SYSTEM IS DEPLOYED

e APPLICATION OF INCREASINGLY COMPLEX ENVIRONMEN

¢ TEST TO OBTAIN FAILURE & IMPLEMENT FIXES
® DESIGN REVIEWS

- COMBINED ENVIRONMENT RELIABILITY TESTING (CERT)

TS

AVIONICS
IVEGRITY PRCSRAL

-y L]
CAINE 2IAGRICEIS

21 NMAY 1984

DR, DILL DO3CS
AFWAL / NiLSA AN\~ e’

NP
WDAFS, OH N, RS
7

R

o

e

We can use the following addi-~
tional suggestions (Viewgraph 13) to
enhance the proyram. We plan to use
the NAVMAT philosophy to develop the
first two bullets. From & corcrosion
conctol viewpoint, we would like to
see contractors assign amaterials
engineers to reviev and dpprove elec-
tronic design and aanufacturing
processas and to tha corrosion pre-
vention advisary board (CPAB's) shown
in bullec 3. Materials of bullet 4
can be provided in a sanit{zed ver-
sfon with sny request for proposal
(RFP). At ASD, the cognlzenc peagle
in Aviouic Corrosion are the follow-
ing (Viewgraph 14).

ACTIV #13
A test, analyze, and fix program can
be used to assure the design is going.

to be effective in the expected
environment,

ACTIV #13

Dr. Bill Dobbs will now discuss
failure diagnosis which could be used
{n a test, analyze, and fix program.

- e

°
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>
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FAILURE DOCUMENTATION
o | RESEARCH DEVICE CHARACTERISTICS
« INDEPTH COMPONENT ANALYSIS
ESTABLISH FAILURE MODE

CORRECTIVE ACTION .

ELECTRONIC FAILURE ANALYSIS

SEM & TEM

SURFACE ANALYSIS
CHEMICAL ANALYSIS
CERT

SAMPLE MOUNTS

ANGLE LAPPING
THERMOGRAPHRY

LIQUID CRYSTALS

IR MICROSCOPE

PIND

WIRE BOND PULL TESTER
PROBE STATION & ELECTRICAL TEST

o 0 0 6 06 0 o & O ©o o o

*+ The next two viewgraphs are photographs of two instruments used in electronic fajlure analysis
* The first viewgraph shows an engineer using an optical microscope to examine a failed integrated

circuit

* Self-explanatory,

* List of eluctronic failur
techniques. ® analysis

* The second viewgraph shows a specimen being placed in the scanning electron microscope

{Not shown in notes)

* Scanning electron microscope (SEM)

used to measure electron beam f{nduced
current (EBIC) in semiconductor device

¢ Semiconductor sampl= is placed in the

SEM and tne sample curcent is measured
by the logarithmic amplifier before
it is displayed on the x-y piotter.
Dark arrow represents electron beam.

* provides information on the minority

carrier ditfusion length.

- vanst

AN
A

e e e
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* shows how
the sample

the electron beam strikes

@
T

* Output curent vs depth in EBIC sample

{NOUCED CURRENT jarb. waits|

b
T

OEPTH [arb emis]

* Angle lapping of failed device which
{s mounted at the angle x

. * Sample polished at small angle
(enlarges and exposes regions below 1R
. the substrate sucface) -

* Semiconductor is stained to establish
the different p-type and n-type regions

7 * Angle lapping permits the measurement
ot diffusion depths or ion implanation

P
depths ' *
d -
| S
] ) .
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* A photograph is presented showing an angle lapped sample (microwave transistor)

* Liquid crystal analysis shows use of

. nematic liquid crystals to identify
active circuit elements

. * The circuit {s viewed through the

} cover glass with polarized light

- COVERGLASS * Liquid crystals above a biased

. conductor are oriented differently
than those above an unbiased material

* polarlzed light shows difference in
crystal orientation

Riviln) i‘!l'l.f:\\":l|

l
CAYSTAL | it

* The next two viewgraphs are IR microscope images of a CMJS capacitor - the first is a top view
and the second is a bottom view .

{(Not shown in notes)
add * The next viewgraph is a photograph showing nailheading and a crack in the inner conductor foil of
a plated through hole in a pwB
(Not shown in notes)
CHEMICAL ANALYS1S METRODS
e INFRARED, VISIBLE & ULTRAVIOLET ABSORPTION
) e RAMAN SPECTROSCOPY
. e X-RAY DIFFRACTION
- * Methods of chemical analysis which are
R e ATOMIC ABSORPTICN used in electronic tailure analysis
'-':' ) L]
I e GCAS & LIQUID CHROMATOGRAPHY
o MASS SPECTROMETRY
. o WET CHEMICAL & MICROELEMENTAL ANALYSES




* Shows a schematic of an interterometer
used in Fourier transform spectroscopy

SR

* Shows Fourier transform spectrum
obtained from interferograms

* Addresses the computer and equipment
uSed to make the Fourier transform {n
the previous viewgrapn

* Infrared absorption allows the X

collection of useful data from very ) .

weak signals and results in guick and _'

accurate dacta reduction .
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* Surface analysis techniques used for
Seectaoscosy (AES) . Rass Seecrroscoey (SINS)

the detection of contamination or any

changes associated with a thin atomic y
s e— - —{SURFACE ANALYS!S layer o

Schematic representation of four
surface analysis techniques

t e 1 @ * Illustrates the interaction of the
excitation beamwith the surfaceunder
examination

5 —_—

&Ray PuoToeLECTAON Ton Scatreming .
SeecTaoscory (ESCA) Sercaoscory (1S5)
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i * Descriptionofthe Auger and
i photoelection processes
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SURFACE ANALVETC TPAincvArte

ADVANTAGES

4
wn
173

GOOD SENSITIVITY
MAPPING
SEMI-QUANTITATIVE
TOP LAYER SENSITIVE

ALL ELEMENTS

HIGH SENSITIVITY
CHEMICAL INFO
SEPARATES I1SOTOPES
MAPPING

ESCA

MOST ELEMENTS
CHEMICAL EFFECTS
SEMI-QUANTITATIVE
MINIMAL SAMPLE DAMAGE

AZS

FAST

MAPPING

MOST ELEMENTS
CHEMICAL EFFECTS
SEMI-QUANTITATIVE
METALS INSUL. SC
ROT CONSUMING

DISADVANTAGES

PEAK OVERLAP
COMSUMES SAMPLE
ROUGHNESS SENSITIVE
MATRIX EFFECTS

NO CHEMICAL INFO

STRONG MATRIX EFFECTS

CONSUMES SAMPLE

PEAK OVERLAP

ORIENTATION ROUGHNESS
SENSITIVE

SLow

NO ISOTOPE SEP

R He EXCLUDED

NO MAPPING LARGE AREA

E-BEAM

SENSITIVITY > 01X

NO ISOTOPE SEPARATION
H He EXCLUDED

PEAK OVERLAP

SURFACE ANALYTICAL TECHNIQUES

SPECTROSCOPY

A - Very Good
B = Useful
C - Fair to Poor

QUAL, QUANT CHEM
ANAL ANAL BONDS
AUGER ELECTRON B c
SPECTROSCOPY
X-RAY PROTOELECTRON A B A
SPECTROSCOPY
SECONDARY 10N C B
MASS SPECTROSCOPY
ION SCATTERING A C
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* A conmparison of surface analysis

techniques

*« 5 comparison of surface
techniques

anaiysis




ANALYTER

COMMUTER
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* A schematic representation of
instrument used for AES and ESCA

* A schematic representation of
instcument used for ISS and SIMS

* Shows Auger signal from a cathode

* The top curve is for a contaminated
cathode

* The bottom curve is for a cathode
that isn't contaminated
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* The next two viewgraphs are in reference to the previous viewgraph (Auger signal from a cathode)
* The first shows Auger maps of an oxide cathode .

* The second shows Auger maps of a contaminated cathode

{Not shown in notes)

Y
L‘ 5 MAJOR SOURCES OF ELECTRONIC FAILURE

Y

™~
™~
<

» IMPROPER MATERIALS SELECTION

* Self-explanatory.

* MANUFACTURING PROCESS DEFICIENCIES
* INADEQUATE SPECIFICATIONS

The next three viewgraphs concern a certain failure analysis project

The first viewgraph contains a photo of a munition

The printed ' rcuit boards are separated by a polyvinyl chloride (PVC) vibration dampening loaT,
Mechanicall; the dampening foam worked well but chemically the foam released chlorides whicnh
collected on the printed circuit boards in the device

The transistor failures were traced to chloride contamination and small amounts of moisture caused
severe corrosion of the chloride contaminated printed circuit board _ .

The second viewgraph shows a chloride contaminated transistor from the munition (dars areas
represent where it was burned) .

The third viewgraph shows a FWE from the munition with chloride contamination from foam

(Not shown in notaes)

The next viewgraph is a photo of a PWB contaminated with corrosion products which short out the

circuits

This unit was received new from the manufacturer, stored for niné months, biased, and igentified
as a failed part

Suring manufacturing, solder flux residues contaminated the board and weren': adeguately
cleaned from boards before conformal coating

Wits the additicn of a small amount of moisture, entrapped contaminates easily caused corrosion

(Not sheown in notes)
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* The next two view

The next two viewgraphs concern a gallium arsenide diode that was iai;ing at a high rate
Tne first viedgrapn shows the chip sitting on a header and the light ares on top is a gold

contact

The chip was pressed into silver loaded, conductive epoxy

The viewgraph shows a cross-section of the chip

It shows how the conductive epoxy was flowing around the diode edges and shorting out the p-n

junctien

It was determined that more care was needed in placing the dicde in the epoxy

The next two viewgraphs concern a hybrid package that contained 4% moisture

The first viewgraph shows the hermetically sealed package

The package passed a fine leak test - indicates the moisture was sealed in during manufacturing
The second viewgraph shows the gross corrosion on one of the IC's in the hybrid

motherboard

et
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9raphs show a failed Power supply that had potted modules soldered onto the

* poor Potting procedures caused s
older cracks in the modules
* In a redesign, the modules will be conformally coated

* cxample ot computer aided transient

* Accomplished with the SPICEL proacam, a . LT

* Allows Jdata to pDe col!llected or - 1

(Not shown in notes)

(Rot shown in notes)

(Not shown in notes)

analysis of a circult

general purpose circuit s:mulation T
programn developed vy the University of co-
California

Nypothesis examined !{n ways that are
impractical experimentally
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The next four viewgraphs concern a potted module

The first viewgraph is an x-ray of the potted module and shows the 1C package o ¢ oft-
The second and third viewgraphs both show the exposed IC and it can be seen that jt's of o
shore vintage . .

The fourth viewgraph shows the IC with the 1id removed and shows excessive bonding

(Not shown in notes)

The follaowing four viewgraphs show a th:n film chromium resistor

The first viewgraph shows a failure in the resistor (arrow)

The second viewgraph shows a failure in the resistor thar occurred at the corner (arrow)

The failure was caused by electromigration of the chromium inte the aluminum o
The third viewgraph is an optical shot with the arrows marking contamination that's visible
through the glass coating on the resistor

The fourth viewgraph points out the same two failures as the third viewgraph

Glass was removed from the resistor in the photo

High package moisture content and contaminatjon accelerated the failure

{Not shown in notes)

ﬂfxi»g,, CONCLUSIONS _ ‘

“‘\.. ol

* IMPROPER MATERIALS SELECTION, MANUFACTURING !
PROCESS DEFICIENCIES AND INADEQUATE SPECIFICATIONS 1
ARE RESPONSIBLE FOR 83% OF THE ELECTRONIC FAILURES l

* Self-explanatory.

e ELECTRONIC FAILURE ANALYSIS IS A HIGH PAYOFF AREA - ’
A KEY TO IDENTIFYING AND CORRECTING OEFICIENCIES

\
» CORRECTIVE ACTION COST IS USUALLY LOW FOR !
MANUFACTURER - ROI IS USUALLY HIGH FOR AIR FORCE l

* PRODUCT ASSURANCE IN ELECTRONICS NEEDS EMPHASIS




e " T A AN e S snet PR i AN Badh Shdh dadit i S di e

CONTROL FABRICATION

MANUFACTURING TOOLS

® STATISTICAL OUALITY CONTROL
® IN-PROCESS INSPECTION

. . © SAMPLES
© MANUAL DATA BASE

« TRACK TENDENCY TO DRIFT ACTIV #15
e DIRECT PROCESS CONTROL . Self-explanatocy.
® ON-UNE INSPECTION
* 100%
« AUTOMATED DATA BASE/DATA LINKS
« REAL TIME CONTROL
o © EARLIER IN-PROCESS CONTROLS
* STAESS SCREENING
" » FAILURE DIAGNOSIS .
- PEOPLE (WORKMANSHIP)
- PARTS (MATERIALS)

- PROCESSES
- DESIGN
© FAILURE FREE ACCEPTANCE TEST |
=
all
N\ oo
§ e & STRESS SCHEENIMG {‘;’\\m
i
HEAD UP DISPLAY SYSTEM STRESS SCREENING ‘; ACTIV #15
MARCON] AVIOWICS LTD,, ROCHESTER, ENGLAND Here is an example to show the effect
» o that stress screening at the lowest
COST OF NOT SCREENINS ) level of assembly can have on manufac-
COST OF | ASSUPE 543 | ASSUPE 252 ) turing cost. marconi Avionics LTD
TCTAL PARTS} TOTAL

Note that the money figures are in
English pounds.

YEAR | SCREC'ED |BEFECTIVE | DEFECTIVE

SCREENING [FCUND AT CARD |FOUNG AT UNIT | TDTAL i definitely experienced a savings,
1880 ; 1,800 14.8¢ & 174,6K 280.5K 807.5k 108ev i)

198 1 1,73C 1.5 | .8 5.3 - 292.% 842.9x 1,136

YEAR | SAYINGS ) RATID
1980 | 913K ju.6:

PARTS:  HIGH RELIABILITY IOMPONENTS MIL-M-38510 LEVEL B

SCREEN: ™!1L-ST(-883 GROUP A TEST
“Prefiteniiity of Pleamlug fer Streas Screening,” IES 1983 Prececéings,
meerteg, 19-31 Asrll 1883

!
|
]
|
1
!
t
)
1981 | w20k 13.9:1 E
I
|

ESSEH IS EFFECTIVE

b
2 IDENTIFY
H MORE
> DEFECTS ACTIV 315
s M. Phil_llp Hermes will now explain
s why environmental stress screening
v 3 IDENTIFY (£8S) s effective.
® : LESS
v 2 DEFECTS
U
o
o
L . L A i
PARTS CIRCUIT UNITS SYSTEM FIELD
BOARDS
PHILLIP H HEAMES
MAECON 84 ASDIYYE! (X56845)
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OVERVIEW

® ESSEH EFFECTIVENESS
o TRADITIONAL FAILURE DISTRIBUTIONS
® CONCEPTUAL APPROACHES TO ESSEH
* PARTS
e CIRCUIT BOARDS
* UNITSISYSTEMS
® STATEMENT OF WORK APPROACH
® SUMMARY

ESSEH TEST EFFECTIVENESS G
96 MISSILE GUIDANCE SECTIONS

% GUIDANCE SECTIONS

THAT FAILED
PRODUCTION .
- 13 CIRCUIT BOARDS | FUNCTIONAL | RELIABILITY
CIRCUIT BOARD PER GUIDANCE CHECKS AT | ACCEPTANCE
TEST CATEGORIES SECTION ROOM TEMP TESTS

® UNSCREENED NA 18 18
© TEMP CYCLING

10°CIMINUTE 0] 12 18
20°C/MINUTE . [i3s 7 9]
POWER ON . 33 1 1 ]
OFF i 5 ]
L]
NDTES: ® CANNDT ACHIEVE 20°C/MIN AT UNIT OR SYSTEM

SCREENS

® CIRCUIT BOARD SCREENS PRIMARILY USED TO
STIMULATE CATENT OEFECTS

® UNIT/SYSTEM LEVEL SCREENS PRIMARILY USED Y0 .
CHECK PERFORMANCE

ESSEH COST EFFECTIVENESS - EQUIP. SYSTEM “A”

& EQUIPMENT SYSTEM “a”

o

SELF EXPLANATORY

THIS TEST wAS DESIGNED TO EVALUATE ESS TEST EFFECTIVENESS AT SWf CIRCUIT BOAK.
LEVEL OF ASSEMRLY.

620uPs OF 13 CIRCUIT BOARDS WERE EXPOSED TO WO SCREEWS AXD 10 DIFFEREWT TYPE:

0F 3ICREERS.

THE WO SCREEM CATEGORY wAS THE “CONTROL® CATEGORY. wHICN REPRESENTS TRADITIONAL

) ITARY REQUIREMENTS.

THE RESULTS INDICATE THAT:

*200C/MIn TEMPERATURE RATES ARE TWICE AS EFFECTIVE As 10OC/MIN IN STIMAATING LATEWT
DEFECTS AT THE CB LEVEL OF ASSEMALY.

*20%C/AIn WAS Tk MOST COST EFFECTIVE DISTRIBUTION OF DEFECTS FOR A PRODUCTION PROGAAR
(38-7-9).

SCIRCUIT BOARD POWER "On® IS TWICE AS EFFECTIVE AS POWER "DFF” AT Twi C2 LEVEL.

“UNLT OR SYSTEM LEVEL FUNCTIONAL CHECKS OR SCREENS RE MORS CFEECTIVE £OR CXPANDLL
PERFORMANCE CHECKS THAN FOR STIMULATING LATENT DEFECTS. THUS, TME EMPWASIS S#OWLD
BE TO STIMULATE LATENT DEFECTS AT THE LOMER LEVELS OF ASSEMBLY AND CWEIK PERSOPMANCE
AT THE WIGMER LEVELS OF ASSEMALY,

THIS TEST wAS DESIGNED TO SEPARATE THE EFFECTS OF DIFFERENT SCREENS FROM A JTATISTICAL

VIEWPOINT. [T ALSO INCLUDED CB EXPOSURE TO 6. I2. 24, AND 48 TMERMAL CYCLES. witw

THE CB TEMPERATURE EXTREMES wERE "4{-‘0:

24 CYCLES FOLND TO BE MOST COST EFFECTIVE,
10 +7%%,

< SCREE™S REDUCED F1ELD RETURNS BY &:],

—
[
N

IS A COMPLEX AIRCRAFT RADAR SYSTEM Wit 27 Laus, S8b CRCUIT BOARS.

anp 47,302 ekcTaOmic PanTs,

435 svatems weme peoduced oumimg 1672-79.

CIRCUIT BOARDS UNITS SYSTEM | FIELD .
e TESY COSTATEM 50.69 $262 $4.600 | NA .
® FIX COST/DEFECT s68 5246 $1.506 {34 000 .
® DEFECTS/EQUIV a8 19 ] NA .
SYSTEM 1588 CB3) 27 UNITS)
COSY PENALTY/SYSTEM FOR NOT CONDUCTING CB SCREENS .
# CIRCUIT BOARD SCREEN = NO

DELETE CB TESY COST S0.69 X 586 = 5404

DELETE CB FiIx COST

$68 X 48 = $3.264

TOTAL COST REDUCTION' 53.668/SYSTEM

UNIT SCREEN = YES, 50° EFFECTIVE

5246 X 24 = $5.904

ADD FIELD FIX COST 54000 X 24 = 596 000

TOTAL COST INCREASE: $101 236/SYSTEM
COST PENALTY: 598.236/SYSTEM

ADD UNIT FIX COST

g
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THE PRODUCTION COST FIGURES WENE DEVELOPED BY A STUDY OF WANNOURS CONSUMEL AT 333/ -~
CHRCUIT B0ARD SCREENS. 46 TmemaL Crags, -60% vo +35%. 1SO¢/min. Powee Off .
ANYONE CAn “wORK-TME MUMBERS® IN THE WLOCRS TO DETERMINE THEIR Own MEASURE 3F £5:
CO3T EFFECTIvENESS,

THE EXAAPLE GIVEW ASSUMES THAT UNIT LEVEL SCRECS ARE & AS EFEECTIVE AS CloCult
BOARD SCREENS 1N STIwN ATING ATENT ZZFECTS (UKIT AMD SYSTEM SCHEENS wWiLL ALwAYS
“PICK UP® PERFORMANCE ANOMALIES NOT BETECTED AT THE CIRCUIY BOARD LEVELS

ON THE OTMER HAND. UNIT ANT SYSTE® LEVEL SCRECNS CAWNOY ACWIEVE TWE COSY EFFEZTvE
TEmeeRatuRe Rates (158 10 23 min) 1o rien

® IT SHOULD BE WOTED THAT CIRCULT BOARD SCPEEMS PROVIDE "IEAL-Timg" FRISUCTION C2ST ans
SCMEDLLE SAVINGS FOR TwE CONTRACTORT: &S WELL AS LONG-"Ta%w 33T SAVINGT, &N
IFPROVESENTS 1n MISIICR EFFECTIVENESS, FOR THE MILLTARY ERVICES.
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ESSEH SCHEDULE EFFECTIVENESS

® PRAT

PART VENDORS
MIL-STD SCREENS

+ 24 HRS

® ESSEH

DELTA SCREENS,

|

1
['ca venoors AVIONIC CONTRACTORS |
NO REOS UNIT LEVEL
50-70 HOURS
PER UMIT
+24 HAS -38 T0 58 HRS
CB SCREENS, UNIT SCREENS

24 HRS/BATCH™

24 HRS/BATCH”

12 HOURS

I"_"'—ﬁ Y

PARTS NUMBERING
RAMIFICATIONS
BEING EXPLORED

, - S

EQUIP. SYSTEM “A” RESULTS
67% DEFECTS
ELIMINATED

N

® 3 AXIS RANDOM
VIBRATION 20
MIN/AXIS
® 5 TEMP CYCLES
30 MIN DWELLS

AT CB LEV!

EL © CONTINUOUS PERF
CHECKS

TRADITIONAL FAILURE DISTRIBUTIONS @

DEVELOPMENT PRODUCTION

TESTS JESTS
UNIT LEVEL UNIT LEVEL
30% PART 80% PART
FAILURES FAILURES

¢

4

MORE COST EFFECTIVE APPROACH

CIRCUIT BOARD LEVEL]
60%c PARTS FAILURES

S

MORE COST EFFECTIVE APPROACH

LEFFECTIVE PARTS SCREENS]

COST PER EQUIP
SYSTEM “A™

TEST COST/UNIT: 5262
FIX COST/DEFECT: s246

TEST COST/CB: $0.69
FIX COST/DEFECT: 568

TEST COST/PART: ?
FIX COST/DEFECT: ?

CONCEPTUAL APPROACH TO PARTS SCREENS

@

PASS | CONTRACTORS !
PRATS { « CIRCUIT BOARDI
SCREENS 85 - 95% I- AVIONICS .
v
REJECT
*
PRRTYN PARTS SCREENS INCLUDE
— i . 20 THERMAL CYCLES, —30°
¥ 1G & *00C, J0°C MIN, 5 L
CATASTROPMIC | OUT OF TOLERANCE | #IN DWELLS, POWER OFF,
FAILURES FAILURES | CHECK PERF AFTER TEST
| .
| 270 NOTE PARTS NUMBERING .
2 SRRAR J RAMIFICATIONS BEING
I [] €4FLORED
+ [ [ CGMMERCIAL .
REFURBISH| | THROW MARKFT
AWAY
T3, 2 5%
146
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THE TEST TIMES SMOWN ARE TEST TINE REQS. THEY DO MOT [MCLUDE “DOWN-T (4"

FOR CORRECTIVE ACTiOMS,

E33EN 1S VERY COMPATIILE WITH PRODUCTION SCHEDWLES S1MCE MOST OF TEST T{mS 1%
OOME AT THE LOWER LEVELS OF ASSEMILY AT VARIOUS SUBCONTRACTORS PLANTS wiTw vER®
LITTLE TEST TIME SPENT AT THE AVIONIC CONTRACTORS PLANT AT THE FIMAC ASSEMBL'
CINE. M OTHER WORDS TESTING 1S DISPERSED AT VARIOUS LOCATIONS wHiCH MEANS

THAT TESTING CAN BE DOWE CONCURRENT RATHER TWAM SECUENTIAL.

THIS APPROACH ALSO MAKES EACH MANUFACTURER RESPONS[BLE FOR ITS Oww QUAL!ITY LEVEL.
IT 13 MOT UMUSUAL TO HAVE PRAT REPLACED BY ESSEN IM THOSE CASES WHERE PRAT IS
INCOMPAT IBLE WITH PRODUCTION SCHEDULES.

ESSEM 15 EVEN MORE SCNEDULE EFFECTIVE TWAN PRAT wMEN YOU CONSIDER TWE “DOwn-Time®
DUE TO CORRECTIVE ACTIONS AT THE UMET LEVEL OF ASSEMBLY, SINCE ESSEM MAS ALRIAZY
IDEMTIFIED b ELIMINATED MOST OF THE DEFECTS AT THE LOWER LEVELS OF ASSEMBLY.

AN ASD/AFALC/DESC AD WOC GAOUP |5 PRESENTLY NORKING THE PLECE PART SCREENING
ISSUE. TWE MOST LIKELY OUTCOME WILL BE TO INCLUDE THE DELTA SCPEERS IN THE
RIL-STD SCREENS,

IF WE FOLLOW THE TRAIL® OF THE FAILURE CATEGORY “PIE CWAR'T®
THRQUGH THE LEVELS OF ASSEMBLY, IT IS WOV DIFFICAT TO CCAQLUT:
THAT SIGNIFICANT “PROVEMENTS CAN B€ “AZE N ESSE~ BY IMPROVINC
THE ELECTRONTC PIECE PART SIREENS. EIPETIALLY FOR MICROELELTRUNIC
DEVICES ¢ DISCRETE SEMICONIUCTORS.

FINDING PARTS DEFECTS AT MIGHER LEVELS OF ACTEMBLY COST THE (OVTRACTCRS ¢ Tt
AiR FOPCE MCRE MOMEY TRAN WECESSARY TO ACHIEVE PROSRAM CBJECTINES.

ALSC. APPLYING 552K 7D HARDWARE TUMEZULED FIR CEVELCF™INT TESTS
WILL SITNIFICANTLY REQUCE TYE (OST & SCHELULE {weaCTs
TESTS. NG 1T WILL POOVIZE ThE TCNTRACTIRS WiTs AN £
10 SUPP2RT THE DEVELCPMENT OF A FI20UCTICN £3SEH f2u3%av,

TMERE SHOULD SE MANY DIFEERENT APPROACHES TO [SSEM AND THESE APPROACHES SMUWL +
CORSTANTLY CHANGING, BASED ON "LESSORS-LEARRED® ARD OR TME INTSQDUCYOW OF wiw S&°
DESIGN APPEOACHES.

on ™IS V6 & TwE FOLLOWING 2 VOS. | WILL @EVIEW ONE OF mawY AOSSIBLE APPROACMES 10 £ISE~
AT THE PAATS. CIRCUIT BCARDS, AND LWIT/SYSTEM LEVELS OF ASSEWBLY,

THE DISTRIBUTIONS IN TH(S ¥3 ARE BASED CN VARIOUS LITEWATURE SRUNCES. “wE DISTEIELT.LN
BETWEEN “ATASTROPHIC FAILURES” AND “OUT-OF-TOLERAWCE® FAILURES 15 TYeilaiy ¢707502

OF PARTLITULAR NCTL IS "WE BOSSIBILITY OF MINIMIZING TWE COST OF PAGT IE_€C°S ... .. dmY
2-13 7 TLITED PAATS ARE MRCWw AWAYD. [T SEEMS TMAT A BUSINESS STRATEGY S BEIJIREC.
TG MININITE W 13ST OF PART REJECTS, WHICH |$ ACCEPYABLE “C XL PAR™ L,

ANDTHMER UiTUE ANOMALY mitW PARTS SCREENS 1S TWAT "3AL" LO". "IZUE LNESELUENTYL AND N
A GANOCP FASAISN, A TIulCr-TACTION" DaTa, MANAGEMINT, § iNGINEE?INL SYoipe %
TORFPECTIvELY ADDRESS Teig ANOMALY,

L. RED




CONCEPTUAL APPROACH TO CIRCUIT BOARD SCREENS G

@ 19
(1) [BoaRD) BOARD
SCREENED H—v~ CONFORMAL .
PARTS COATING

ZBARE BOARD
CHECXS

PERFORMANCE CHECKS

* CHECKX REJECTED PARTS (4}
* CONDUCT FAILURE ANALYSES i$)

NOTES

(1) DEVELOP ~QUICK-REACTION" SYSTEM FOR INFREQUENT LOT
PROBLEMS

(2 ESS: 20 THERMAL CYCLES,—40° TO + 100°C, 20°CIMIN, 15 MIN .
DWELLS, POWER OFF, CHECK PERF AFTER TEST

{3 ESS SUGGESTED PRIOR TO CONFORMAL COATING TO SIMPLIFY
DEFECTIVE PART REMOVAL WHILE MAINTAINING COATING
INTEGRITY

{4) PAST ANOMALY: 50% OF REJECTED PARTS CHECKED OUT “GOOD™
AT PART LEVEL CHECKS

(5) FAILURE ANALYSES 1S CRITICAL TO PROBLEM SOLUTION. BUT iT 1S
SELDOM DONE ADEQUATELY IN A PRODUCTION ENVIRONMENT

CONCEPTUAL APPROACH TO UNIT/SYSTEM SCREENS

ACCEPTANCE TEST PAOCEDURES
in I 2
UNIT Ut
ASSY ESS

NQTES
(1) UNIT ESS" + 3 AX!S RANDOM VIBRATION, 20-800 M2, 0,08G21MZ, 20 MIN/
AXIS
+ 5 THERMAL CYCLES, MAX CHAMBER TEMP RATES, 42X
EQUIP. COOLING RATES, ~40° TO + 71°C CHAMBER TEMPS,

CONTINUOUS PERF CHECKS, 30 MIN. DWELL TIMES, LAST
TWO CYCLES FAILURE FREE.

(2) SYSTEM ESS: TEMP CYCLING SAME AS UNIT £SS

(3) LEVEL OF PERFORMANCE CHECKS IS IMPORTANT. NEEDS 10 BE
BETWEEN BIT & APT WITHIN PRACTICAL MEASUREMENT
CONSTRAINTS NEED DATA SYSTEM TO RELATE RESULTS AT ALL
LEVELS OF ASSEMBLY

SOW APPROACH
ENVIRONMENTAL STRESS SCREENING OF ELECTRONIC HARDWARE

® OBJECTIVE
® HARDWARE SCOPE
* AIRBORNE ELECTRONICS (NEW OR MAJOR MODS;
* MICROELECTRONICS & SEMICONDUCTORS
® FSD ACTIVITIES TO DEVELOP ESSEM
» STUDIES
* VENDOR INTERFACES

« RESULTS OF FSD TESTS
{FAILURE MODES)

« EXPERIMENTS
(EXPLORE ALTERNATIVES}

« FSD BASELINE ESSEM - 2
(DEFINE IN SOW)

* VIBRATION
* PROPOSE PRODUCTION ARPROACH
(FOR PROCURING ACTIVITY APPROVAL) * TEMP:ALTITUDE
® PRODUCTION ESSEH ACTIVITIES * HUMIDITY

© IMPLEMENT INITIAL PROCEDURES ® TAF
« IMPLEMENT DATA SYSTEM ® RELIABILITY QUAL
*» AEVISE PROCEDURES AS NECESSARY
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APPLY TO HARUCWARE FOR

® ENVIRONMENTAL QuUAL

THE CIRCUIT BOARD AND AVIONICS CONTRACTORS ALSO WEED A “QUICK-REACTION® $SYSTE~
TO EFFICIENTLY ADDRESS RANDOM LOTS OF “BAD” PARTS. WWiCN OCCUR OW AN IWFREOUENT BAS!C
AROTHES IWPORTANT SCREEWING ACTIVITY 1S TO CHECR TME BAAC BOARDS FOR OPENS/SWORTS
ARD FOR INSULATION RESISTANCE AMONG THE IMBEDOED CIRCUSTS. ALSO CHECR FOR DELAMIMATIUN.
PERFORRANCE CMECKS SNOULD BE ACCOMPL | SHED AFTER

BOARD ASSY ~ TO IDENTIFY DEFECTS GEMERATED BY BOARD ASSEMBLY PROCESS

BOARD ESS - TO IDENTIFY DEFECTS SURFACED BY £S5

CONFORMAL COATING - TQ IDENTSFY DEFECTS SURFACED BY WIGH TEMP DURING

PROCESS (CONFORMAL COATING 1S A THERMAL SCREEN)

A CRITICAL PART OF TME CB SCREENING PROCESS IS TO CNECK THE PERFORRANCE OF THE
INDIVIDUAL PARTS. AFTER TWEY MAVE BEEN IDENTIFIED AS BEING DEFECTIVE DURING TH4E
CB PERFORMANCE CMECKS. PARTS IDENTIFIED AS DEFECTIVE AT TeE CINCUIT BOARD LEVEL.
WHICH ARE LATER FOUMD TO BE GOOD AT THE PART LEVEL, CAW QUICKLY INCREASE SCREENING
COST IF THIS ANORALY 1S NOT HIGH.IGNTED AND CORRECTED,
PARTS [DENTIFIED AS DEFECTIVE AT THE CB AND PART LEVEL SHOLLD UNDERGO EXTENSIVE
FAILURE ANALYSES (MATERIAL LAB. ETC.) TO DETERMINE THE FAILURE MODES. TKIS ACTIVITY
1S ESSTNTIAL TO PROBLEM RESOLUTION. TH!S ACTIVITY WAY BE THE WEAREST LINK iN THE
CONTRACTORS CB SCREENING APPROACH, TWIS WEAKNESS 1S ALSO RELATED TO FELIBACK 1N+ GRMATION
TO THE PARTS VENDORS AKD 10 THE LACK OF CONTRACTOR AGREEMENT AMONG CONTRACTORS TO
ADDRESS FAILURE AMALYSES AND COGRRECTIVE ACTION RESPONSIDILITIES. THIS WEAKNESS S

REFLECTIVE OF CONTRACTONS REACTION TQ WIL-STD REQUIREMENTS wWiCH ARE LINMITED 10 “G0"/“n0G0"

SCREENING CRITERIA.

o VITH THE EXCEPTION OF THE RANDOM VIBRATION TESTS AT THE UNIT LEVEL G
ASSEPBLY. THE URIT g SYSTEM SCREENS ARE PRIMARILY PERFORMANCE ((r®
WHICH ARE MOST EFFECTIVE AT THESE LEVELS OF ASSEMELY. ’

o THE LEVEL OF PERFORMANCE CHECKS 1S VERY [WPORTANT HERE, THIS IS WY Fuii
AIPs SHOURD BE PERFORPED BETWEEN STEPS AND THE LEVEL OF PERFORMANCE CHELXS
DURING THE ESSEW SHOULD BE WAXIMIZED (BEYOND BIT) TO THE EXTENT wHiCH IS
PRACTICAL.

s 3 NES OF RANDOM VIBRATION ARE REQUIRED SINCE VIBRRTION FAILURE MODES ARE
AX1S DEPENDENT,

0.08 GZ/HZ IS CONSIGERED A REASOMBLE LEVEL GF VISRATIOA, ANC 13 1S FAR MCRC
EFFECTIVE THAM 0.0262/MZ (REF: GRUAN STUDY). ALTHIUGM ONE 2 .OMIC £SUIP
AD PROBLEMS WITH THIS LEVEL (DETAILS UNKNOWN).

8 THE -40°C LIMIT WAS SELECTED SINCE MAXY ELECTAONIC PARTS WILL NOT "START
LP" AT 569, AND SINCE A STUDY OF CLIMATIC GATA INGICATES THAT A -4g%C VALWE
VILL °COVER® THE WORST CASE TEMP VALUES FOR mOST OF THE WORLD.

o THE KEY TO A CONTRACTUAL ESSEM APPROACH 1S TO PROVIDE EXTENSIVE “LEARNINT®
REQUIREMENTS N THE FILL-SCALE DEVELOPMENT (FSD) PMASE.

FROM A CONTRACTUAL VIFWPOINT, AN FSD BASELINE HAS 70 BE WRITTEN [N THE SOw

TO SET ANY MEANINGFIR. ESSEH RESPONSE OUT OF THE °CORPORATE® CONTRALTCE
(CONTRACTOR ENGINEERS ARE NOT THE DECISION PAKERS). THE EXCEPTION IN THIT

CASE. THOUGH, TS THAT THE FSD BASELINE ESSEH 1S NOT uSi AN ADD-OX (07

ACTIVITY. BUT RATHER. IT CAN SIGNIFICANILY REDUCE THE DEVELGPMENT TEST COSTS AL
SCHEDULE 1MPACTS BY ELIMINATING PIECE PART § WORKMANSHIP FAILURES I THE nARDWARE
SCHEDULED FOR THESE UEVELOFYENT TESTS, THYS, THE DEVELCPMENT TISTS Wil %07 <AVE
SIGKIFICANT COST g STHEDULE PENALTIES TYPICALLY ASCOCIATED WItW 21C1D PART

L WCIKMANSHIP FAJLLRES.

5T PLAN FOR
Y GEVIEw AND

AT THE END OF FSD, THE CONTRACTOR ZHOULD PROVIZE A 7007 &
PROTUCTION ESSEH. BASED CN “LESSONS-LEARNEL®. FCR PROCLAING ACTi¢!T
APPROVAL,




SUMMARY

® ESSEM IS EFFECTIVE
- TEST :
- cost SELF EXPLANATORY
* SCHEDULE
e 1520°CIMIN TEMP RATES ARE CRITICAL
* PIECE PARTS
* CIRCUIT 80ARDS
© FSD ESSEM ACTIVITIES ARE CRITICAL TO THE CONTRACTORS TO
* GAIN ESSEW EXPERIENCE WTE: EXTENSIVE ESSEN REFERENCE MATERIAL CAN BE OBTAINED FROW THE:
+ REOUCE COST & SCHEDULE IMPACTS/OEVELOPMENT TESTS INSTRTUTE OF Eglxﬁlm SCIENCES .
® ESSEH DATA TRACKING SYSTEMS ARE IMPORTANT 10 :opic.)s:z?:‘u o056 R
~ PROVIDE “EARLY WARNING" OF RANDOM LOT PROBLEMS (312 255-1561
* INTEGRATE RESULTS AT VARIOUS LEVELS OF ASSEMBLY

MILITARY CHALLENGE TO INDUSTRY

 AVIONICS MUST DELIVER 2000-HOUR MTBF ACTIV #16
Duirlir;q th: next break Dr. Joe Capitano
w tell us why ESS has been
* DEFECTIVES MUST BE REMOVED AT.THE LOWEST eff £
PART LEVEL ective for Gould, Inc.

*BUILT-IN TEST SHOULD BE LESS THAN 10% OF
ELECTRONIC PACKAGE

»

All avionics must be a 2800 hour system
inexpensive method: force fail parts
at lowest level of assemdly

«10% LOGISTIC SUPPORT CAN BE A REALITY * If force tall parts at the lowest
level and manufacture juality products
then built-jn-test need be only 10% of
the package,

% 2409 hour MTBF is a 4 year fallure
free product so don't really need BIT
testing.

* 198 logistics support is possible; If

services don't change their ways,

Gould may have to put defectives back w e

in so maintenance people can

stay proficlentinrepair of the

equipment. e

-

ANALYTICAL QUALITY TOOLS

DEFECT ANALYSIS AND CORRECTIVE ACTIONS ELIMINATE 3
* FUTURE FAILURES L

FOR EACH PROBLEM AREA, “TEST™ OR ASSESS
TO DETERMINE AREA OF ORIGIN # Saelf-explanatory.
*DESIGN *+PARTS/MATERIAL +PEOPLE *PROCESS
FREQUENCY OF OCCURRENCE (ORDER OF MAGNITUDE)

PREVAILING ENVIRONMENT WHEN OCCURRENCE T
WAS NOTED e

ESTABLISH FAILURE MECHANISMS -
DEVISE ESS TO PRECIPITATE FAILURES AT LOWEST LEVEL

PURGE SYSTEM OF SUSPECT PARTS, IMPLEMENT ESF,
TAKE CORRECTIVE ACTION

MONITOR SUCCESS AND FINE TUNE RESULT
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READINESS PHILOSOPHY

PARTS

* “QPL” ONLY MEANS THE SUPPLIER HAD THE FORMULA ONCE,
IT DOESN'T GUARANTEE CONSISTENCY

*PROCESS CONTROL CAN'T BE MAINTAINED FOR DESIRED
MILITARY NEED

* ESS FOR KNOWN FAILURE MECHANISMS ’
SYSTEMS

* DONT FAIL, PARTS FAIL

® ALL USE PARTS FROM THE SAME SUPPLIERS

* ONLY FAIL WHEN THE DESIGN IS NOT FORGIVING

*NEED ESS FOR KNOWN FAILURE MECHANISMS

READINESS PHILOSOPHY (Cont.)
RELIABILITY

* SYSTEM REQUIREMENTS, ARE MORE STRINGENT THEN
COMPONENT REQUIREMENTS

© ESS FOR KNOWN FAILURE MECHANISMS
ANALYZE DEFECTIVES

* ALL OF THE KNOWLEDGE OF WHAT IS WAONG WITH A
SYSTEM IS IN ITS DEFECTIVES

* CORRECT FOR DEFECTIVES AND YOU EVOLVE A
PERFECT SYSTEM

* ENSURE CORRECTIVE ACTION THROUGH FEEDBACK SYSTEMS
* DEVISE ESS FOR FAILURE MECHANISMS

ASSESS ALL STEPS L

* PEOPLE PROCESS PARTS/MATERIAL DESIGN
QUALITY IS A STATE OF MIND THAT CAN 8E MANAGED
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Receive and {nspection tescing is a
farce.

* [t's expensive,

* Alltests are DC - only get AC
tests in the system,

* Doesn’t precipitate fallures.

* pDoesn'tdetect problems that exist
at the system level

* IMPORTANT: Does give you agauge
to measure supplier by.
Systems don't fail - parts do.

Weexpect the system tosurvive
10,060 hours, but we don't process the
parts for it.
utilize ESSat the lowest level that
may far exceed the requirements of the
procurement specification for
components.
Militaryspec i3 too benign to detect
problems.
Unless you have a methodology of work
to force fail parts and precipitate
out the defects, you'll always end up
with somebody else's rejects.

Reliability {s strengthened because
pacrts don't fail - only failures are
system nonconformities.
If analyze, ficrst rule applies: all
of the knowledge of what's wrong with
a system is in your defectives,

* Assess your defectives

*Understand the environmentin
which the parts operate ‘.

* Devise a methodology to force fail
parts
Part specifications, as they exist
today, willnot give you what you
need for the aircraft environment,




VERIFY PRODUCT

® VERIFICATION THAT REQUIREMENTS ARE MET
* QUALIFICATION
- ANALYSIS
- TEST
- COMBINED ENVIRONMENT
~ MEASUREMENT OF ENVIRONMENT
* UPDATE THE DESIGN LIFETIME

%, ACTIV #17
ST finally, we want to be sure that the
t_;&' finished product meets the require-
1% ments, Verification is accomplished
IN FLIGHT by analysis and/or tesc,

ACTIV #17

Now, Dr. Alan Burkharg¢ will discusas
CERT, Combined Environment Reliability
Test.

This presentation il cover the {ollowing hey concepts:

T. what ia CERT?
2,

BA S OVERVIEW

* BACKGROUND
o CERT EVALUATION PROGRAM

o TECHNICAL CONSIDERATIONS TO CONSTRUCTING A CERT
PROGRAM

A summary of an extensive R6D program £o validate the conegpt.

3. Overviww of the technical anafyses and engineering decision necesaary o develop

a CERT teat profile.

4. Examples of recent on cumrent aequisition or Logdatic programs which have wtilized

CERT,
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CERT MISCONCEPTIONS
* CERT IS NOT A SPECIFC

« TEST PROFRE

© STRESS RANGE

© STRESS COMBINATION
o FACAITY

8edore diacussing what CERT is it is important o firat clarify what it {4 not. Centain
miaconceptions concerning CERT often scem Lo be treated as facts. These misconceptions have not
been deliberately perpetrated by any specific individual on organization. Rather incomplete
communication, -

CERT is not a opc.?#ic Le4L profile on st of environmental slresdcs, such as acoustic,
thermal and humidity. C &
CERT {4 not a speeifdc type of test chamber or a apecific Leat facility at some Location.

REALISTIC TESTING
o ENGINEERING APPROACH TO TESTING

o TAILOR TEST CONDITIONS

& APPLICATION

 TEST OBIECTIVE

» EQUIPMENT DESIGN
o COST EFFECTIVENESS

= APPROACH GIVEN ACRONYM “CERT”
« COMEINED ENVIRONMENT RELIABILITY TEST

CERT is any laboratony tesl for haadumne relinbility, Life improvement on characterization®
in which environmental stressed anticipated in actual usage m{ cmmvcd and applied .Mnu:uy
to the test hardware in a sequence which similates the usage acenanios. The Leat conditions must
be taitored to (it the planned application, test objectives, semsitivities of the haadware deaign
and Lo be coat effective.

*Such data can be used as input for estimates of operational readiness, mission success, mrintenance
manpower and Logistic supportl coels.

37

PRESENTED BY
DR. ALAN BURKHA! O
FLIGHT OYNAMICS LABORATORY

ToT———— LR, ey,

The CERT Evaluation Progiam was joint Aeronautical Systems Division (ASD) and Adr Force
wright Aerorautical labonatonies, Flight Dynamics Laboratory (ARVAL/FIEE} program to evatuate the
t;ﬁnmu and cosl effectiveness of Combined Environment Reliability Teat [CERT).
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s
RY OUPNNE = LASONATORY

TEMPERATURE
N%

OTHER CAUSES
(NON-ENVIRONMENTAL RELATED)
"%

Studies have found that about 5% of avionics equipment field (afluves are eavinommentally
induced with tempenature, vibration and molsfure, humidity being the big three emvirommental
ress paramelcns .

maey.
K
Ay TEST EFFECTIVENESS
NOT FOUND IN TEST ¢
TEMPERATURE VIBRATION MOISTURE BUT TESTED

..
2

!
—
.

FIELD FAXURE INDUCED BY EALH
EAVIRONMENT (PRACENTAGEY
s

N _} [ 1 ___] (] roumo iw rest
]
|

|
|
| |

ENVIRONMENTS -
[C amta (ound that.lhe envirommentally based tests used Co identify equipments with environmentat
I LLivilies wert nol edfective. Fon ¢xample $0% of the Lemperature nduced fdield (ailurnes were nol
cbseaved during predeplogment teating. The 40V vatue tepresents those {ailuned which were obaerved -
during teating but either improper coarection actions ox nothing uns dome about them.
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\ "w
eﬁh_‘é . BACKGROUND

» CONCEIVED BY AFWALIFIEE EARLY 1970
 JOINT ASD/AFWAL/PRAM CERT EVALUATION PROGRAM
(NOV 1975 - DEC 1981)

« DEVELOPED DATA BASE

« COST EFFECTIVENESS STUDIES

« DEMONSTRATED PRODUCTIVITY

o WROTE MILITARY TEST STANDARD ]
o INTERIM TEST STANDARD ~ MIL-STD-781C 1877
o 00D - INDUSTRY CERT WOrKSHOP JUNE 1981
o AFSC/AL CERT POLICY LETTER 20 JLY 1982
o ASD/CC CERT POLICY LETTER 28 SEPTEMBER 1982
© FINAL TEST STANDAROS SEPTEMSER 1982
* AFR 800-18 & AFSC 800-18 JANUARY 1983

. The CERT concept was concedved Lo attack these problems. A joint Aeronautical Syetems
Divisdion [ASD) and Adir Force linight Aenonautical laboratoricas (ARWAL) CERT Evaluation Program uzs
conducted after initial laboratory RSD demonstration of the concept on a radar system.

The CERT Evaluation Program came fechnical data {rom which effectivencss asscssments of ‘tllc
Lechnique were made. These asscssments resulted in AFR 800-18 and AFSC $00-18 policy satements.

CERT EVALUATION PROGRAM

= ACCOMPUSHED
o EVALUATED 3 LEVELS OF TEST REALISM
« COMPARED TEST TO FIELD EXPERIENCES
© PERFORMED TECKNICAL ANO COST EFFECTIVENESS ASSESSMENTS

© UEVELOPED BATA BASE OF CERT EXPERIENCE
* 24,753 TEST HOURS
* 290 FARURES
« 80 DIFFERENT UNITS | SYSTEMS
* BROAD SPECTAUM OF AVIONICS EQUIPMENTS [ AC COMBINATIONS
(F-15. 410, F5, A2, F110, FB-111, FS)

. The CERT Evaluation Program was q maasive e‘ﬁo«.t o evaluate the effectiveness of CERT Lo
ddentigy 4ield failure modes. This was accomplished by selecting already fielded syalems,
conducting CERT feats, companing test £o field failure modes and developing a measure o
coretation. The data base generated s dhowm on Lhis chart.

SCurE

« CONPARE EFFECTIVENESS OF THREE LEVELS OF TEST

REALISM
-CERr RULL ENGINEERING APPROACH
- CERT 0 CERT | VATHOUT ALTITUDE
< CERT IV TABULAR TEST LEVEL (MILSTO-T810)

The CERT Evaluation Program companed thice Levels of teat Aealism.- The approach aiven the
tabel, CERT I, wses full v.n?i.nu_ung approach in terms of measurned data and compuler analysis.
CERT 1T was ¢/ie same a4 CERT 1 except no alfitude, meddure, variatlions 'occuMg.d n t}u teat.
This addressed a potential teat 9w'wq coat savngs that would be availadle if altitude dime-
tation was not required. CERT 111 used the tabular test Levels dn MIL-STO-781C Appendix B.

]
/
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Thib chart summanizes the nesulls of the CERT Evaluation Program in tenms of NTBF values.
The MIL-STU-781B NTBF values showm on (‘\4‘4 chart were not gemernted 2o part of pragram, These
are the oniginal NTBF values that were either demomsirated on the staced Aequirements uﬁ" these
equipnents were purchaded. Thede values axe included ¢or Aegerence purpose recogniiing that the
) definition of failure may have been dijferent fon these feats, The field NTEF walues are the
o Adis AFi $6-1 data fon the sams Lime {rame as when the CERT tests wene conducted on that equipment
dystem, The dejinction of failure used in CERT wns the same as that used by AFM é6-1,

90% CONFICEMCE BANDS OM TEST-TO-FIELD MTBF RATIOS

This chart sumarizes the data shown on the previous chant in terms of confidence bands
on noamalized MTBF Aatios, test &0 field values. Tuo frends ane visible: {1) all theee
CERT tests have a lower 28t Lo {i HTBF natio than previously used testing, leas oplimislic
estimated NTBF values and (2} as the Lesls become mone environmentally realistic the condidence
bands become manrowen. The finds from Lhis and other data generated duning the CERT Evaluation CERT #
- Puogram 4s sumnarized on the next four charts, Lanmnan

CERT
:L':_ CERT 14
e ' MILSTOT818,
01 02 95 1 2 IECIE:
TEST MTa
FIELD 1ATBF

FlelNGS FROM CERT EVALUATION PROGRAM
© ALL CERT FAILURES-FIELD RELEVANT

« IMPROVED CONSISTENCY OF ESTIMATED FIELD FAILURE
RATE FROM TEST DATA
* 4 10 1 IMPROVEMENT OVER PREVIOUS METHODS

The effectiveness ag CERT tedling azs made on foun different basdisc comrelation of {ailurne
modes and Ratis between CERT and fiold, the coat af dadrg CERT feating ad compared £o codf of
othir testing approaches and om a Life cycle cost basis

Everything, tvery part, saoner ox laten fails, <n the field due 2o normal oa misuse. There-
fore, {C was decided Lo valuate whelher ox not the CERT {aclure modes occur in significent
quantity, The cazu s that {ailures that occumred repeatly were not those due Lo misuse. It
was found that all CERT induced failure modes occur 4in signeficant quantity during deployment,
¢.3., all CERT (allures were (ield relevant,

-

The CERT appraoch to teating yeilds more consielent a% of a&w allure rates in that
; L7

the NTBF values mone Luiely reflect field experience, Additio X of Lest hours Lo
seach a sdatiatically significant decisdon point & Lless since the teat items § at a more
realiatic, rapid, rate,
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: FINDINGS FROM CERT EVALUATION PROGRAM

o COMBINED VERSUS SINGLE ENVIRONMENT TESTING

 IDENTIFIES SIGMIACANT FIELD FAILURES UNDETECTED 8Y SINGLE
ENVIRONMENT TESTING

« NEED FOR ALTITUOE .

- . o JUSTIFY ON CASE BY CASE BASIS

) ALL the equipments wsed in the CERT Evaluation Program had previously undeagone conventiomal
single ewvironment testing during thein initial acquiaition programs. The results of Lhis sdingle

l tnviromment tealing was companed 0 the xesulls of the CERT testing, 12 was found seven major
dield failure modes were detected by CERT whick were nol detected by single envinomment teating. Alao

suwu modes do&:: during single envinorment testing that weae not cornected were also identified

L.EEW

PR

The teat results found that attifude, messuwre varniations, during CERT wrs nol mecesdary except
forn syatems with obvious semitivities o pressure changes; e.9., high voltages, vacuum sealed
aections, ete. Therefore, a decision as €0 the need for altitude change simulation meeds Co be done
on a case by case basda.

™
.

FINDINGS FROM CERT EVALUATION PROGRAM

WA

o CERT COST EFFECTIVENESS

© ON LIFE CYCLE BASSS
AVERAGE AETURN 0N INVESTMENT 24 YEARS i

o ONE TEST iN PLACE OF UP TD 8 TESTS

# TEST CHAMSER COSTS COMPETITIVE (52508000
o TEST OPERATION COSTS

On a Lige Cycle Coat (LCC) basis fon the equipments teated {n the CERT Evalualion Program
it waa found that if CERT would have been used ing the oniginal acquisition of these equipments
\ the averdge retuan on {rvesdment would kave been with tw to §our years after deployment. This

costing wrs done by the ordginal equipwent mauifacturer who evaluated the costs of using a more
naz:;d, e.g., moxe faituxes, doing failure analysis, design changea, production

Out g
PN

effective et
Line changes, eLc.

Because the envirommental stresses are combined, up Lo 4ix sequential single enviromment Lesls
can be xeplaced by one CERT test. Thih precipilates many potential cosl savings available to an
acquisition progtam office, e.g., fower test Ltems Lo purchase, fewer electronic Lest selups, one
Lest sequence indtead of adx, ele. The coat of test chamber and operation are ol signd ficantly
different than conventional testing.

DaE g
LN

DA

>

APPLICATIONS OF CERT

o RELIABILITY DEMONSTRATION

o RELIABILITY GROWTH
o TEST-ANALYZEAX

o ENVIRONMENTAL QUALIFICATION
o FLIGHT | OPERATIONAL SUPPORT
© PRODUCTION VERIFICATION

: Reglecting upon the definition of CERT one can see how CERT is approprdate for all emvirommentally
. based teating. Thia chart Llats several such ceats fon which CERT teat conditions are appropriatt.
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USES OF CERT IN ACQUISITION PROCESS

o EVALUATE COMPETITIVE DESIGN

® MOS SOURCE SELECTION DECISION
» HEAD TO NEAD ALY OFFS

* VERIFY CONTRACT COMPLIANCE

o COMPREHENSIVE GROWTH TESTING

© STIMULATES GROWTH UNDER TOTAL DEPLOYMENT STRESS
ENVIRDNMENT

e EVALUATE ECP PROPOSALS
» FLIGHT TEST SUPPORT
o ENVIRONMENTAL WORTHINESS

tential benefits of using CERT test conditions in acquisition envirormentally
mdw'. ‘z«twbcguaua‘duuta.dwutunw‘ucm

BENEFITS OF CERT IN ACQUISITION PROCESS

» REALISTIC REQUIREMENTS

o ACCELERATE ACQUISITION CYCLE

 IMPROVE PRODUCTIVITY OF FLIGHT TESTING

* REDUCE ENVIRONMENTAL / RELIABILITY TEST COSTS

 IMPROVE LOGISTIC SUPPORTABILITY

t ition process. The
CERT can/has been used o accomplish these objectives within the acquis
benefits of such teating will be outlined {n the next few charts.

REALISTIC REQUIREMENTS

o ENGINEER TESTS

© REDUCE DUMD REQUIREMENTS
* REDUCE COST DRIVERS

© MODERATE STATED OPERATIONAL REQUIREMENTS
* ASK FOR X INSTEAD OF 10X TO GET X

o EQUIPMENT STANDARDIZATION
© STANDARDIZAYION ON OESIGN
© TAROR REQUIREMENTS
FOR EXAMPLE: ANIARN XY REQUIREMENTS

At

€130 1050
£1§ a5
852 2000

Un-50 %
od rather ‘
uirements are elated realistically then the proper paat quality could be us
than gzﬁn;‘zo the higher cod of um 'lug‘:;:f"‘ma wn: not necesssny. smmum‘ andardirasio has
;‘a::d?& :0 :‘ :‘:c;;u: that Level of reliabllity and tagum sparing requirements are a

{unction of applieation.
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ACCELERATE ACQUISITION CYCLE

* ONE TEST IN PLACE OF UP TO 6 TESTS
* ONLY ONE TESF SET4P
« FEWER TEST {TEMS NEEDED

© ACCUMULATE MONTHS OF OPERATION UNDER DEPLOYM)
STRESSES IN ONLY WEEKS OF TESTING =
© CONCURRENT DEVELOPMENT AND PRODUCTION
© LEAD THE INVENTORY (FLEET)
- FIND PROBLEMS IN LAB BEFORE FIELD

© TEST CONFIDENCE BUILDS FASTER 4X

CERT can reduce program schedule time allocated to testing since up €0 4ix Zests can be
' aeplaced by one CERT tut? CERT can help to accelenate accelenated developwent programs which use
concument development and production. One equipment sysiem can be put unden CERT teating and within
one calendar month evaluate the az:tu on up to 13 months of actual usage. This Lead the {nventory
{gleet] taating will identify problems before they occur in the field and provide sufficient time
§or cornective actions £o be developed before the deployed syslems stant Lo fall.

[MPROVE PROBUCTIVITY OF FLIGHT TESTING

 ELIMINATE ABORTED MISSIONS CAUSED BY
ENVIRONMENTAL STRESSES

o ENTIFY ENVIRONMENT SENSITIVITIES
BEFCRE FUGHT TESTING

© USE SAME [TEM FOR BOTH CERT AND FUGHT TEST

© SWAP AMONG LAB AND FLIGHT TEST TO TRACK DOWN
PERFORMANCE PROSLEM OURING FLIGHT TESTING

o CERT<<COST OF FLIGHT TESTING
* < 1000 T0 ONE RETURN ON INVESTMENT

A m1jon cantributor 2o unproductive (light festing is umanticipated jailures of the equipment
unden Ceal, A ahont CERT Leat before §Light testing cam shake down the Cest items Lo xemove
enviromment sensitivities befone they abort test jlights. During Light teat an abmorsal behavion
may be observed and the test Ltem can be taken out of ¢Light teating and checked under controfled
CERT conditions, Since CERT conditions are reatistic, thert are no tesl undque stress siales
imposed on the test items. Thus, The teat ilems can be swtpped betieen labonatory and fLight Leating,
Majon codl savings can be atalized sdince CERT teating is signifdicantly Less costly than (Light teating
on a per Leal houn basls.

! REDUCE ENVIRONMENTAL | RELIABILITY TEST
cosTsS

 ONE TEST IN PLACE OF SEPARATE

VIBRATION ALTITVDE
. THERMAL ELECTRICAL VARIATIONS
] HUMIDITY RELABILITY DEMONSTRATION
: LOOLING AIR FLOW

- . * EXAMPLE OF POTENTIAL COST SAVINGS

, OELETE 7 SEPARATE ENVIRONMENT TESTS 195,000
z OELETE RELIABILITY DEMONSTRATION TEST 850,000
.' REPLACE WITH SINGLE CERT GROWTN TEST 230.000

COST SAVINGS $815.400

Thid coat savingd uns the savings realized by the program office which developed the
AN/ARN-131, OMEGA, Navigation Sqatu:’.‘g Y e i
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'IMPROVE LOGISTIC SUPPORTABILITY

i * REDUCE FALSE REMOVAL RATE

. ~ IDENTIFIES VOLATILE MALFUNCTIONS TRIGGERED BY SPECIFIC
. STRESS COMBINATIONS / STATES
* 26% OF BCS ARE ENVIRONMENTALLY INOUCED

T » APPROPRIATE FOR REPAIR PROCESS

« IMPROVED ESTIMATES OF FIELD RELIABILITY FROM TEST
DATA
» MORE ACCURATE LOGISTIC PLANNING
- NUMBER OF SPARES
- WHAT T0 SPARE

» EVALUATE EFFECTIVENESS OF ELECTRONIC SUPPORT
o EQUIPMENT

BN A majon cause atﬁ high Zogistics costs {s the high false removal rate of many avionics ayslems.
E A detailed study o ¢ bench checked serviceable (8CS) maintenance actions found that 26% of BCS

were enviromm y dnduced. This is the environment only maliunctions under a specific set of !
envirommental atresses and once the siresses are removed the function goes amny. A CERT test

§Llys the equipment in the laboralory 40 that inflight and after {Light maintenance and checkout

proceduned can be evaluated for their effectiveness.

b EMPHASIS ON TAILORING

b
\ :
»
3
 HAVE TO BE AN INFORMED AVGCATE
© WEAPONS OF AVOCACY
o HOMEWORK DOKE
* PUT YOURSELF IN THEIR SHOES
* KNOW COST VERSUS BENEFITS

E§fective CERT teat plmw.z requines the teat engineern to comaider both lechnical and
management factors Lo consfruct the most appropriate CERT teat profiles.

CHANGING ACQUISITION ENVIRONMENT

TAILORING OF REQUIREMENTS
« NO SACRED COWS

. o NO PREORDAINED COMBINATIONS OF ENVIRONMENTS o .
= « REFLECTED IN MIL-STD-781C AND MIL-STD-8100 ]
R

The CERT teating approach ia bun? Reflected throughout the entine Dol envirommentally based
teating military standard documents. These documents suggest and give ratiomle for selection of a
) Apuusu. st or qmb«'.m&gan 0§ environments, The tesl planner maked the imu deteamination. CE -
570 and ?n‘a: NS T 1100 mespeacimete St pund ot Pty B> Pnpy L
. a 0 -$TD- respectively, { emonsiration Ceat procedures for internatll )
carried electronie systoms are included 4in MIL-STD-78iC, § y




WHAT GUIDES ARE AVAILABLE

o MiL-STD-785
e MIL-STD-781
o MIL-STD-810
e MIL-STD-1670

o AF PHAMPLET 800-9

g
o DATA ITEMS @

. These documents provide guidance on tailoring. Tailoring can be done at many dif{erent Levels
within an acquisition program, ¢.d., 4election of appropriate fasks to be accomplished, design and

teat conditions, hardware design sensitivities, ete,

N / DATA ITEMS
Ay~
o ENVIRONMENTAL DEVELOPMENT PLAN (EDP) DiR-7123
« ENVIRONMENTAL PROFILE REPORT (EPR} DIR-1124
. ENVIRONMENTAL CRITERIA 8 TESTING DOCUMENT (EDCTC) . OIR-7125
ENVIRONMENTAL TEST REPORT DI-R-7127

OPERATIONAL ENVIRONMENT VERIFICATION REPORT (OEVR} DIR-7126

EXVIRONMENTAL CRITERIA REPORT . oLT-118
RELIABILITY TEST PLAN 01-R-7003
X "RONMENTAL RELIABILITY REPCRY DIR-2116

This chart Lists the appropriate data {tems available fox propealy documenting a CERT teat
The atarred data items should be used regardlessd of the pose of the leat gram owth 0 tati
§Light worthineas, or quatification, § che punposs of PR, oWk, denonstration,

TRACK ENVIRONMENT X
v 1
DURABILITY: ENDURANCE, LIFE
PREDICTION —————e LAB TEST ——e ACTUAL USAGE ————= AEVISED LIFE ‘ﬁ

® BUILD STATISTICAL DATA BASE _
® AECORDING PROGRAM
¢ INSTRUMENTATION OF SELECTED AIRCRAFT

ACTIV ¢18 - TRANSIENTS
Now that the product is deployed we . TEMPERATURE (IN FLIGHT AND ON GROUND)} ;
need to record key data to see if the . VIBRATION
actual environament i3 what we FLOW RATE

originally assumed it to be and %o
determine how the equlipment s
surviving ln the environment,
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ACTIV 91, 2, 11, 29

Mc. Ken Morcis is here to explain how
the logistics organiczation can help in
fmproving our avionics systems,

ARaNCE .

PROYIDE A TECRNIQUE TO INFLUENCE MISSI0N HARDWARE DESIGN AND JEVELIP 4
SUPPORT (APABILITY

HACPZ0UND:

NAVY [AITIATED 1370

FORMALLY PugLiSAED 1973

AIR FORCE INITIATIVE 1978 .
JCINT SERVICE/ 1GUSTRY WORKSAOP 1979

LEAGERSNIP ASS{®ED 3v OST(MRADL) 1980

REARITE MIL-STT 13681 (ANALYSS RECUIREMENTS)
REVISE MIL-STD 1388-2 (LSAR)

ILS IGENTIFIED AS A FUNCTION OF SYSTEMS ENGINEERING (MIL-STD 499A)
HISTORICALLY MAMAGEMENT PARTITIONED LESIGN AND SUPPORT FUMCTICNS
LCOISTICIANS ASSUMED PASSIVE ROLE UNTIL DESIGN WAS KNOWN

PLIOGNITE THAT AN ITEM'S SUPPORT CHARACIERISTIC 1S HEAVILY INFLUENCED
8Y THE DESGN ACTIVITY

LSA PROGRAM RESTRUCTURED iO ESTABLISH A ROLE FOR THE LOGISTICIAN IN THE
DESIGN PROCESS

TASKS QRIENTED TOWARD HIGHLIGHTING SUPPORT AS A DESTGM CONSIDERATICH
EARLY EMPHASIS ON SUPPORT PLANMING

AVICRICS INTESRITY RPOGRAN ESTABLISHED 7O FAQVIDE THE FRAME WORK OF REQUIRED
ACTIVITIES TO [MPROVE AVAILABILITY AT RINIPUM LIFE CYCLE COST

LOGISTICS

SUPPORT

ANALYSIS
(LSA)

ENCINEERING

] ASSISTS iN  [HE DEVELOPPEIN CF SUPPORTABLE SYSTEMS OR
EQUIPMENT

] CONTROLS THE FORM AND FUMCTION OF THE SUPPCRT PLANNING
PROCESS

PURPOSE

ESTABLISA WITHIN ENGINEERIHG THE TOOLS AND TECHNIQUES FOR DEVELOPING

SUPPCRTABLE SYSTEMS AdD EQUIPVENTS.

. ENFLUENCLisG DESION

] SUPPORT PLAANING

WIP - LSA FLATIOEHIP

NP ™

FNCINTR I MWTENT T

DENEPING TISCIRLINE

§ ESTABLISH UNITY OF PURPISE I ACHIEVING OVERALL PPOGRAM REQU!IREMENTS

LIGISTICS SUPPORT ANALYSIS PROPERLY APPLIZD TAKES ON THE FORM OF AN ENGINEERING
SISCIPLINE

0 SUFPLEMENTS ENGINEERING REQUIREMINTS

0 ESTARLISAES INTEACIPENDANCIES #!74 CTHER ENGINCERING DISCIPLINES

o CUIPOEEWT (FFINTION o UF sTeY

o SABRITY 2 CIPMATIVE AWLYSIS

3 PHFXCRIG 0 SPPRTABRITY COGTRAINTS
¢ IO LIE [ Lee 114

£ MINTADMBILITY 2 NAVSIYTNE

T TAUPEN
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KR,
5t0 5 LOGISTICS SUPPORT ANALYSIS

LSA

- IDENTIFY LOGISTICS DESIGN
CONSTRAINTS & RISKS

- INFLUENCES THE DESIGN
- IDENTIFIES THE SUPPORT NEEDS
i . -INTEGRATES THE ILS EFFORT

LOGISTICS SUPPORT ANALYSIS VARY DEPENDING OM DESIGN ACTIVITY

0 EARLY PROGRA® ACTIVITY LINITED TO THOSE TASKS ASSOCIATED WITH IDENTIFYING
DESIGN RELATED SUPPORT REQUIREMENTS

AS DESIGN PROGRESS LOGISTICS SUPPORT ANALYSIS TASKS ASSOCIATED WITH DEVELOPING
THE SUPPORT SYSTEM COME INTO PLAY

0 THE LSA TASKS ASSOCIATEZ WITH THE ADVANCED TACTICAL FIGHTER PROGRAM EXEMPLIFY
‘ THE EARLY ANALYTICAL ALTIVITY .

o THE SAME TASKS WiLL ALSC BE EVIDENT IN THE ADVANCED TACTICAL RADAR PROGRAM,
PAVE PILLAR, ICNIA, INEAS, AND ADVANCED FIGHTER ENGINE

STRUCTURE OF STATEMENT OF WORK

§ LSA TASKS MAY BE CONTRACTUALLY REQUIRED OR ACCOMPLISHED [N WOUSE
MAIN 30DY

8 ATF PROGRAM LSA TASKS ARE CONTRACTUALLY REQUIRED
& GENERAL LSA DIRECTION, INTERFACE REQUIREMENTS ARE INCLUDED IN THE BASIC RFP

© GENERAL LSA DYRECTION

ANNEX ¥ (LOGISTICS ENGINEERING)
§ LOGISTICS ENGIREERINS SECTION INCORPORATES ALL LOGISTICS REQUIREMENTS.
SECTION | = (SA TASKING SO REM REQUIREYINTS INCORPGRATED IN LSA SECTION

- SICTION 2 = AREAS OF CONCIRN
SECTION 3 = LESSONS LEARNED
SECTION 4 = EMIRGING TECHNOLOGY

K 1Y)
keg 1SA REQUIREMENTS (SECTION 1)
42P; MIL.STD.1388A (NOV 81)

GINERAL TASKS
* USE sTUDY
* COMPARATIVE ANALYSIS
* TICHNOLOGICAL OPPORTUNITIES
© OBIICTIVES, GOALS, THRISHOLDS, CONSTRAINTS AND RISKS

X © FUNCTIONAL REQUIREMENTS IDENTIFICATION .-j-;-"; -
- « SUPPORT SYSTEM ALTEANATIVES ::‘; " :f
) * IVALUATION OF ACTERMATIVES/TRADE.OFF ANALYSIS o THE MAIN BODY OF THE ATF CONTAINS GENERAL STATEMENTS ON THE GOALS AND CBJECTIVES Sy
OF THE LSA REQUIREMENTS
- 9 PROVIDES INSIGHT INTO THE INTERDEPENDANCIES OF TASK REQUIREMENTS """'4
N 0 RELATIGNSAIP OF LS4 TO TOTAL ATF PROGRAR QBUECTIVES '.":
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LSA REQUIREMENTS

301 ¢ 302

30

CONTAINED 1N THE ANNEX TO RFP ARE TME SPECIFIC LSA TASK REQUIREMENT 208
TASKS SELECTED ARE THOSE APRLICABLE TO CONCEPT FORMRATION ACTIVITY
ORJECTIVE OF EACH TASK IS:

8 USE STUDY = REFERENCE MATERIAL TAF DRAFT SON, SYSTEM READINESS OBJECTIVES,
AR FORCE 2000, AND TAC MAINTENANCE COWCEPT

@ COMPARATIVE ANALYSIS « EXAMINE OPERATIONAL FIGNTEAS TO IDENTIFY PERFORMANCE
ANC SUPPORT CHARACTERISTICS INCLUDING WIGH FAILURE
ITEMS, WAINTENANCE EXPERTENCE, SKILL LEVELS, COST
DRIVERS, ETC.

& TECHNOLOGICAL OPPORTUNITIES = REVIEN EXISTING OR EMERGING TECHNOLOGY FOR
POTENTIAL APPLICATION TO ATF SYSTEM

¢ FUNCTIONAL REQUIRSMENTS = IDENTIFY BASIC SYSTEM AND SUPPORT SYSTEM FUNCTIOMAL

REGUIREMENTS (E.G., PREFLIGHT, POSTFLIGHT, STORAGE
RECONF 1GURAT 1ONS)

0 SVALUATION OF ALTERNATIVES/TRADE OFF AMALYSIS = EVALUATE EACH ALRCRAFT AND
SUPPORT SYSTEM ALTERNATIVE, IMPACT OF ALTERMATIVE BASING, OPERATIONS, AND
MAINTENANCE CONCEPT

# DESIGN CBJECTIVES, GOALS, THRESHOLDS, CONSTRAINTS, AND RISKS = PREPARE AN
GBJECTIVES, GOALS, THRESHOLLS, CONSTRAINTS, AND RISX DOCUMENT. (IDENTIFY
XEY (OST, SCHEDULE, PERFORMANCE AND READINESS OBJECTIVES AND THEIR IMPACT
OF JESIGN AND SUPPGRT CONCEPTS

" EVALUATION OF ALTERNATIVES/

nnt SUBTASKS
Ust STUDY 101.2.1 261.2.2 201.2.4

COMPARATIVE ANALYSIS
TECHNGLOGICAL OPPORTUNITIES
FUNCTIGNAL REQUIREMENTS
1DINTIFICATION

203.2.1 THRY 103.2.9

204.2.1 THRY 204.2.3

30121 38).2.2 30).%.3

301.2.5 301.2.6 302.2.1 THRU 302.2.6
303.2.1 THRU 303.3.11 (EXCLUDING
303.2.7)

205.2. THRU 20S5.2.4

TRADE-OFF ANALYSIS
DESIGN QRIECTIVES, GOALS,
THRESHOLOS, CONSTRAINTS,
RISKS

AREAS OF CONCERN (SECTION 2)

SECTION 2 IDENTIFIED 14 AREAS GF CONCERW THAT DIRECTLY IMPACTED LOGISTICS,
THESE AREAS COVERED A WIDE RANGE OF AREAS. (£.6., BIT, BATTLE DAMAGE REPAIR,
STRUCTURAL MATERIAL, AND AUXILIARY POWER)

THE CONTRACTOR MUST RESPOND TQ THESE ISSUES. THEIR RESPONSE WILL BE PART OF
THE PROPOSAL PACKAGE.

MREAS SELECTED ARE APPROFRIATE CONCERNS DURING THE COMCEPT FORMULATION PHASE.

© 19 SPECIFIC AREAS TO SE INVISTIGATED
EXAMPLES:
* INTEGRATED DIAGNOSTVCS
® AUTOMATED TECN ORDIR SYSTEM
o ACCESSINLITY

* REQUIRES RESPONSE

. w"l,
(RG' s LESSONS LEARNED (SECTION 3) v

LESSONS LEASNED

# LESSONS LEARNED EXTRRCTZD FROM THE AFALC ZATA BANK (4O JNPUTS)
¢ CONTRACTOR NOT REQUI®ED TG RESPOND

¢ PURPOSE WAS T POQVIZZ INFCRPATION TO THE CONTRACTOR ON THE AIR FORCE
PAST EXPERIENCES WiTH AJACRAFT

* INFORMATIVE DATA
¢ NO RESPONSE REQUIRED
o EXAMPLES:

* INSTRUMENT LIGNTING STSTIM
* ELECTRICAL SYSTEM

® ENERGY HEATING EFFECTS

* REFYELING
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& ,d EMERGING TECHNOLOGY (SECTION 4)

L
. «
« PURPOSE: ENCOURAGE APPLICATION OF ADVANCE TECHNOLOGY
(LABORATORY PROJICTS) 0 SECTION & OF THE AKX WAS TARGETED TOMARD EASING THE TRANSFER OF NEN TECHNOLOGY
- EXAMPLES: ® 1T IS INPORTANT IN TWAT TECHNOLOGY CONSIDERATIONS INCLUDE WOT ONLY THOSE APPLICABLE
10 , BUT THOSE TECHNOLOGY ADVANCEMENTS THAT CAN BE APPLIED T0 THE SUPPORY
 HBER OPTICS Jidlvny

* COMPOSITES

o DIRECTID TNERGY WEAPONS

o AUTOMATED TECH ORDER SYSTEM

* MULTIPLE INTEGRATED POWER UNIT

CDRL
¢ LOGISTICS DATA REQUIRED FOR DELIVERY LIMCTED 10 THE RESWLTS
wsisrics WIS ON LSA TASK
0 USE CONTRACIOR FORSAT
1 PRIVIDE INPIT 70 AEXT PWASE . .
D4.5-0559 TECHNICAL OPENATING REGUIREMENT ST

SUPPORTABILITY ANALYSIS R

DI5-3591A TECHNICAL REPORT SUPPORTARIITY
ANALYSIS
R et
7
. 0‘ 1SA PROCESS
V:_-.-? ’ (34
I
o ouTPUTS )
& HISTORICALLY LOGISTICIAN FAILED T0 USE ENGINEERING DATA FOR SUPPORT PLANNING
. L o FOR CONTRACTON USE [} ICMTI D;gll.g;?gslgﬂ;:i E'El:;NEEI:NG PROCESS REFLECTS THE SUPPCAT) ABILITY
FURMISHED OATA s T8 REFNE DESIGN "
9 THE LSAR IS AN APPROACH T INTESS H
< comacion A . LOGISTICLanS INTESRATING THE DATA AND MAKING IT AVAILABLE T)
GENERATED OATA R .
o GOVERNMENT DATA :
L ; ®
-y
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L3R LAA
C(TRACEABILITY - VISIBILITY)

oRlSn £EC5R0 usEn £ce
SYSTEM SPECIFICATION
STATEMENT OF NEED A
nIL-STD 7858 N
ML~ STD 16238 ) AN ¢ RECORD CONTAINS BOTH GOVERWENT AND CONTRACTGR DATA
AIL-4 266 : _/ AN
63 AN & DATA TRACEABLE TO ENGINEEAING STANDARD (EXCEPT SUPPORT EQUIPMENT)
MIL-STD 470 R N
RL-STD 14728 L0 * & PROPERLY CONSTRUCTED DATA BASE PROVIDES TRACEABILITY BETWEEN OPERATIONAL
SED (01D 35960 £ ANALYSIS TRAZE STUDY REQUIRENENTS, RBM RESULTS, AND SUPPORT REQIIPEMENTS
AIL-STD 83} —F R SUPPORT PLANNING DATE
HIL-STO 4655 § s
RIL-STD 1552 /
_MUSRUE % ;
MIL-STD 1366 5
ML-STD 1387 e . ,

FuLy CoompivaTes witein AFLC/AFSE - Otnen Seavice's - Inoustay

At dedemde

o

LOGISTICS SUPPORT ANALYSIS

/1

]
¢
\

¢

LOGISTICS SUPPORT ANALYSIS PN

@ DATA CONTAINED IN THE LSAR PROVIDES THE XKEY YO SUPPORT PLANNING PROCESS

DATA SHEETS - INPUTS 0 USED IN TRADE STUDIES
LR L A

OPIRATIONS AND MAINTENANCE REQUIREMENTS o SROVIDES DATA T0 FRLECT 0aS OSTS
g ITEM RELIABILITY (R) AND MAINTAINABILITY (M) CNARACTERISTICS )
~g*  TASK ANALYSIS SUMMARY
«9*  MAINTENANCS AND OPERATOR TASE ANALYSIS
e SUPPORT AND TEST EQUIPMENT OR TRAINING MATERIAL DESCRIP-
TION AND JUSTIFICATION
«f*  FACIUTY DISCRIPTION AND JUSTIRCATION
“G*  SRILL (VALUATION AND mm::’unou
»  SUPPLY SUPPORT REQUIREME
::' AUTOMATIC TISTING EQUIPMENT/TIST PROGRAM SET DESCRIPTION
ope TRANSPONTABILITY ENGINEZRING CRARACTERUTICS

PROGRAM STATUS .
Integrity is the central theme of this
® NAECON years' NAECON, "Operational Readiness
:hriouqh Electroniclntegrity®, The .
A i i '
o DRAFT MILSTO vionic Integrity Program's main

responsibility {s to develop a draft
MIL-PRIME-STD which will be reviewed

at an industrial forum later this
® INDUSTRIAL FORUM year. This MIL-PRIME will be applied
in the near future to such programs

as the Advanced Tactical Fighter
® PROGRAM APPLICATIONS UNDER INVESTIGATION (ATF), various laboratory programs,
and other avionics programs.

e ADVANCED TACTICAL FIGHTER
¢ LABORATORY PROGRAMS

¢ OTHERS
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A CONCLUSIONS

< IMPROVED AVIONICS INTEGAITY
® APPAOACH. DETERMINISTIC PHILOSOPHY
* QURABILITY
¢ CONTROL: SERIES OF ACTIVITIES
+ STRESS ANALYSIS
* DESIGN TO STRESS
* STRESS SCREENING
* PROCESS
® METHOD: DESIGN CRITERIAITOOLS
MASTER PLAN
DESIGN REVIEWS

{ IMPLEMENTATION STRATEQY \

AVIP BUSINESS
DESIGN CRITERIA CONTRACTS, INCENTIVES
TECHNICAL TOOLS & WARRANTIES

GE WINS BATILE IN JET "WAR" *

MR. GEORGE H. WARD - GENERAL MANAGER OF MILITARY ENGINE
PROJECTS, EVENDALE. OHIO

“*WE'VE NOT SACRIFICED DURABILITY FOR PERFORMANCE, WE'VE
MADE DURABILITY AND RELIABILITY AND THE ABILITY FOR THE
PILOT TO MOVE THE THROTTLE NO. 1 AND WE'VE TRADED
PERFORMANCE AND EVERYTHMING ELSE FOR IT.”

**WE FELT THAT FOR THERE TO BE THE 8ASIS FOR COMPETITION,
IT HAD TO RESOLVE AROUND BURABILITY.”

*DAYTON DAILY NEWS, SUNDAY, 4 MAR 84
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Avionics integrity is necessary for
improved avionics availability and
readiness. This integrity needs to be
obtained through a balance of
technical and business tools. On the
technical side a more deterministic
approach is necessary and can obtained
through the control of the series of
activities we have listed here and
through the management methods as
outlined by the AVIP. The contractual
strategies must thus be applied along
with the technical requirements. The
strategqy implementation is the
responsibility of the ASD Assistant
for Product Assurance, Dr. John
Halpin.

The Engine Structural 1Integrity
Program has achfeved success and
influences engine acquisition at ASD
as the recent GE contract in the
alternate engine program atteats, The
Avioni{cs Integrity Program is to
follow in this tradicion,
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